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STUDIES ON Rit ANTIBODIES 


» 


I ANALYSIS OF A ZONE PHENOMENON IN AN RH ANTISERUM BY SPLITTING THE 
Serum Intro Two FRACTIONS BY MEANS OF DIALYSIS 


ERNEST WITEBSKY, M.D., AND JAMES F. Moun, M.D. 
3uFFALO, N. Y. 


IALYSIS for eighteen hours against large volumes of freshly distilled water, 

resulting in the division of serum into two fractions, the precipitate and 
the supernatant, has been applied to the study of Rh antisera as reported in a 
previous communication.' The precipitate consisting mostly of globulins which 
are soluble in physiologic saline solution contains the major portion of the eom- 
plete (saline) Rh agglutinins. The ‘‘supernatant fraction’’ is a mixture com- 
posed of the albumin and a certain amount of the globulins. In this fraction are 
found anti-Rh antibodies of the incomplete (albumin) variety. The method is of 
certain practical interest in that rather potent anti-Rh testing reagents can be 
prepared from sera containing complete (saline) Rh agglutinins of such weak 
titer that they could not be used for diagnostic purposes. This is accomplished 
hy dissolving the precipitate in a relatively small volume of saline solution. How- 
ever, the agglutinating power of the ‘‘globulin fraction’’ can be explained not 
only by concentration of the complete (saline) Rh agglutinins proper but also 
partly by their separation from the Rh antibodies of the incomplete (albumin ) 
variety which tend to ‘*block’’ or suppress the saline agglutinins as long as the 
former also are present. Herein les the theoretic interest in this procedure, for 
it seems to prove that the two varieties of Rh antibodies occur in different serum 
ractions. 

Since the original report was made a large number of additional anti-Rh 
sera have been examined by this method or a slightly modified adaptation of it. 
Many sera have shown principally the same results when subjected to dialysis. 
Considering that the method is as crude as it is simple, it was to be expected 
that not all Rh antisera would follow the same pattern. One serum which was of 
special interest because it seemed to differ from the regular behavior is the sub- 

ct of the investigations to be reported in this and the two following ecommuni- 
tions. It was obtained from an Rh-negative patient who received multiple 
instusions of whole blood, the majority of which most probably were Rh 
‘itive, stimulating the production of Rh antibodies. A brief case history of 
s patient follows below: 

Mr. Ree had seven hospital admissions between February, 1937, and his death in Febru- 

1946. He suffered primarily from chronic ulcerative colitis which was treated initially 

leostomy and finally by colectomy. During his first six stays in the hospital he received 

tal of 4,000 ¢.c. of citrated, whole blood compatible as to the blood group but unknown 


From the Department of Bacteriology and Immunology, University of Buffalo School of 
‘ine, and the Laboratories of The Buffalo General Hospital. 

The findings reported in this and the following communications were presented during 
eung in Washington, D. C., on Oct. 20 and 21, 1947, convened at the request of the Surgeon 
ral of the United States Public Health Service for a discussion on the nomenclature of 
yping serums. 

Received for publication, Sept. 7, 1948. 
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1354 WITEBSKY AND MOHN 
as to the Rh factor. At the time of his final entrance into the hospital to undergo a tota 
colectomy, he received in all 3,000 ¢.c, of citrated, whole blood belonging to his blood grou, 
but irrespective of the Rh type of the various bloods. The last 500 ¢.c. produced a sever 
hemolytic transfusion reaction. The analysis of the transfusion reaction carried out in ou 
laboratory revealed the fact that the patient was an Rh-negative individual whose serun 
contained an Rh antibody. <A large quantity of blood was collected from this patient imme 
diately after his decease. Examination of the serum obtained from this specimen showed ar 
Rh antibody of the complete (saline) variety of only weak titer but one of the incomplet 
albumin) variety of high titer. However, in no dilution of the patient’s serum was 
agglutination of Rh-positive cells greater than 2-plus macroscopically in the initial invest 

gations carried out. The relatively weak degree of agglutination excluded the use of this 
serum for practical purposes as a diagnostic reagent. Accordingly, it was decided to 
dialvyze a sample of it. 

Two fractions were obtained by dialyzing 100 e.c. amounts of this serum for eightee1 
hours against two changes of 12 liters each of freshly distilled water in the refrigerato 
at approximately 4° C. The precipitate, to be referred to as the ‘‘globulin fraction,’’ was 
separated by centrifugation from the remaining dialysate, to be referred to as the *‘super 
natant fraction.’’ The ‘‘ globulin fraction’’ was dissolved in 10 ¢.c. of 0.9 per cent saline solu 
tion corresponding to one-tenth the amount of the original serum specimen (a ten times 
concentration) and lyophilized in small ampules containing 1.0 ¢.e. each. When needed, 
they were dissolved by the addition of 1.0 ¢.c. of distilled water. The salt-free ‘‘supernatant 
fraction’’ was also lyophilized and when needed was dissolved in physiologic saline solutior 
The experiments recorded in this paper all refer to the two serum fractions obtained 
this manner. 

In order to compare the relative distribution of the complete (saline) and incomplet: 
(albumin) Rh antibodies in the two serum fractions with that in the native (untreated 
serum, the first experiment was carried out in two parts. In Part I saline was used as thi 
medium for preparing the dilutions of the serum and its fractions and for suspending th: 
Rh-positive test cells, while in Part II, undiluted, normal, adult, human serum of Group O 
was used as a diluent. Experiment I itself was carried out in the following manner: 

Decreasing amounts of native serum (Ree) and its two fractions, volume 0.05 e. 
were mixed with 0.05 ¢.c. of a 2 per cent suspension of homozygous Rh, (CDe/Ce) ce 
belonging to blood Group O. The tubes were shaken thoroughly. After standing for o 


hour at room temperature they were centrifuged at approximately 1,500 revolutions }« 
minute for two minutes and read macroscopically for agglutination as recorded in Table 

This experiment shows that the complete (saline) Rh antibodies, which we 
very weak from the start, are somewhat concentrated in the ‘‘globulin fraction 
corresponding to previous experiences. The ‘‘supernatant fraction’? does ne 
contain any complete (saline) anti-Rh agglutinins. When saline is replaced as 
diluent by undiluted, normal, adult, human serum, incomplete (albumin) FR! 
agglutinins of considerable titer become apparent in the native serum. In this 
experiment, however, the degree of agglutination of Rh-positive test cells docs 
not exceed the 2-plus stage in any of the dilutions tested. A zone phenome! 
in the middle of the titration can be recognized. In contrast to the native seru 
the *‘globulin fraction’’ produces a 4-plus agglutination of the Rh-positive ¢ 
which is stronger than might be expected even if it is realized that this fracti 
corresponds to a ten times concentration of the original native serum. T 
‘‘elobulin fraction”’ also differs from ‘‘globulin fractions’’ previously descril 
inasmuch as it contains Rh antibodies of the incomplete (albumin) variety re: 
ing much stronger if undiluted serum is used as a diluent instead of sal 
solution. 

The second fraction, ‘‘the supernatant,’’ reveals a prozone phenome 
which is absent both in the native serum and in the ‘‘globulin fraction.’’ | 








STUDIES ON RH ANTIBODIES 1355 


TABLE I. AGGLUTINATION OF RH-PositivE GRouP O CELLS BY SERUM (REE) AND ITs Two 
FRACTIONS (‘‘GLOBULIN AND SUPERNATANT?’ 


PART I PART II 
DILUEN' 0.9% SALINI UNDILUTED HUMAN SERUM 
( ( 
\ B SUPER A B SUPER 
SERUM KEI NATIVE GLOBULIN NATANT NATIVI GLOBULIN NATANT 
1. Undiluted 
ae Es : a 
Bo. 124 = 
Pa lps: 
Ds 1216 r 
6. 7e2a2 + 
7. 1:64 
8. 1:128 + 
9. 1:256 * 
LO, T2912 
M1. 124,024 
12. 0 
No agglutination; +, Faint agglutination; +, Slight agglutination ; , Marked agglutina- 
n , Strong agglutination ; , Very strong agglutination. 


could readily visualize how the combined action of the two separate serum frac- 
ons could result in the type of agglutination that is shown by the native serum. 


Inasmuch as the experiment shown in Table I did not reach the end point 
of agglutination and because of the zone phenomenon observed, a second experi- 
iment was carried out as follows: 


Decreasing amounts of the native serum (Ree) and its two fractions respectively, volume 
ec, were mixed with 0.05 ec. of a 2 per cent suspension of homozygous Rh, (CDe/Ce 
ip O cells. The mixtures were allowed to remain for one hour at room temperature and 


vere spun down, The resulting agglutinations as read macroscopically are shown in 


ELL. AGGLUTINATION OF RH-Positive GRouP O CELLS BY THE TNCOMPI 


ETE ANTI-RIE 
ANTIBODIES OF SERUM (REE) AND OF Its TWo FRACTIONS—END Point Tr’ 


PRATIONS 


\ B Cc 


SERUM (REE) NATIVE GLOBULIN SUPERNATANT 
1. Undiluted + + + + ++ 4 - 
2. 22 

o, oct + +4 4. +f + = 
RD is < 

Ds 2G 

Mme Ws 4 rn oe oe oe + 
i. 1364 io agree ee dics 
SB. UsiZs 4 

9. 1:256 

10; L582 b+4 ae ae 

il. 2:1024 ie ae spray Ec aes 
12. 1:2,048 +44 + 
lo. 1:4,096 

14. 1:8,192 + + 
15. 1:16,384 + 
16. 1:32,.768 ae = 

17. 1:65,536 + ~ 
18. 1:131,072 = 
19. 1:262,144 5%: 
<0. 1:524,288 + ’ = 
21. 1:1,048,576 a + 2 
24. 1:2,097,152 ‘ i 
-3. 1:4,194,304 as - 
24. 0 7 
\ll dilutions made with undiluted, normal, acult, human serum of Group O 
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Experiment IT again demonstrates the fact that the native serum upot! 
titration exhibits a zone phenomenon most obviously in dilutions of 1:16 or 1:52 
reaching an end point titer of approximately 260,000.* The ‘globulin fraction’ 
reveals the presence of an incomplete (albumin) variety of Rh antibody of con 
siderable strength decreasing in potency in a straight line with an end point o! 
approximately 1:500,000* without showing any zone phenomenon. No ageluti 
nation occurs in the undiluted ‘supernatant fraetion.”’ As this fraction is 
diluted further an incomplete (albumin) anti-Rh antibody of increasing strengt! 


becomes apparent until a dilution of 1:512 is reached, whereafter it decreases 


reaching an end point titer of approximately 1:8,000.* 

The preceding experiments focused attention on the peculiar behavior o 
the “‘supernatant fraction’ > when titrated in undiluted, normal, adult, human 
serum. Was the prozone phenomenon due to surplus inhibition or to the activity 
of an antibody truly blocking in nature?) When Wiener? first deseribed his Ri] 
blocking antibody ** (**incomplete’? Rh antibody of Race*), he demonstrated its 
presence by its ** blocking” effect on the Rh saline agglutinin (complete Rh anti 
body). However, experiments by Diamond and associates*® and Wiener" 1 


vealed that the so-called ‘*blockine antibody did hot **bhloek’’ al all if as 


diluent saline solution were replaced by 20 per cent bovine albumin solution o1 


undiluted human serum. Use of these latter substances as diluents resulted i 
agglutination of Rh-positive cells treated with such a ‘*blocking”’” or **ineon 


plete’* antibody. In the ease under discussion, undiluted, normal, adult, human 
serum was used as a diluent and still a prozone phenomenon was observed. 

The blocking effect of the ‘supernatant fraction” was tested in Experiment 
III following a similar order of experiment as used in an earlier communication 
The cell suspension and the dilutions of the “supernatant fraction’ ” were al 


made in undiluted human serum instead of in physiologic saline solution. —T 


experiment itself was earricd out thusly : 


Decreasing amounts of (A) ‘*the supernatant fraction’? of serum (Ree) and (B). tli 
‘fsupernatant fraction?’ of a normal, adult serum, used in this experiment as a control, volu 
0.15 c.e., were mixed with 0.05 ¢.c. of a 6 per cent suspension of homozygous Rh, (CDe/ 
cells belonging to blood Group O. The experiment was set up in duplicate (Part IT and P 


Il). After incubation for one hour at room temperature, the following anti-Rh sera w 


added: to each tube in Part 1, 0.05 ¢.c. of undiluted *‘elobulin fraction’? of serum (Ree 
each tube in Part I], 0.05 cc. of undiluted anti-D (Rh,) serum (Dad) containing an Rh : 
body of the incomplete (albumin) variety. The tubes after being shaken well were kept fo1 


additional hour at room temperature, then centrifuged and read macroscopically for agglut 
tion. The results obtained are recorded in Table ITI. 

It can be seen that the ‘supernatant fraction’> of serum (Ree) does ind 
inhibit or block its own ** globulin fraction,’ thus preventing the *‘globulin ft) 
tion”’ from ageglutinating the Rh-positive test cells. It also prevents the age 
tination of Rh-positive cells by anti-Rh agglutinins of the incomplete (album 
variety contained in serum (Dad) (Part Il) as compared with the ‘supe: 
tant fraction’’ of the normal serum used as a control, 

In Experiment ITT, decreasing amounts of the ‘supernatant fraction ”” sh 
ing the blocking phenomenon were mixed with constant amounts of the ‘‘ glob 


*Inasmuch as pipettes were not changed with each dilution these figures should nm 


taken as absolute values. 
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TABLE IL]. INitBITORY EFFECT OF THE ‘SUPERNATANT FRACTION’? OF SERUM (REE) ON THEI 
AGGLUTINATION OF RH-POSITIVE GRouP O CELLS BY RH AGGLUTININS OF THI 
INCOMPLETE VARIETY 


PART I PART II 
GLOBULIN FRACTION (REI ANTI-RH SERUM (DAD 
A B \ B 
SUPERNATANT FRACTIONS SERUM (REE NORMAL SERUM | SERUM (REI NORMAL SERUM 

1. Undiluted + 
2.1:3 ‘+ 
eo 
A ee rf 
>. 1:8] 


6. 0 


All dilutions made with undiluted, normal, adult, human serum of Group O. 


fraction’ and with another anti-Rh serum containing incomplete (albumin) Rh 
antibodies. The next experiment to be reported reveals the blocking effect of 
this ‘‘supernatant fraction’? of serum (Ree) when it is added in a constant 
amount to decreasing amounts of its own ‘‘elobulin fraction’? and its own 


‘supernatant fraction.”’ The experiment was performed as follows: 


Decreasing amounts of (A) the ‘‘ globulin fraction’? obtained from anti-Rh serum (Ree) 
and B) the ‘supernatant fraction’? obtained from anti-Rh serum Ree), volume 0.05. ©.¢., 
were mixed in Part L with 0.1 ¢.c. of undiluted ‘‘supernatant fraction’? of serum (Ree), and 
in Part IT with 0.1 ¢.e. of undiluted ‘supernatant fraction’? of a normal serum. After the 
tubes were shaken, 0.05 c.e. of a 5 per cent suspension of Rh, (¢DE/c¢) Group O cells was added 
to each. The tubes after remaining one hour at room temperature were centrifuged at 1,500 


revolutions per minute for two minutes; the resultant agglutinations were read macroscopically 


ILE OV. AGGLUTINATION OF RH-POSITIVE GROUP QO CELLS BY THE ‘*GLOBULIN AND 
SUPERNATANT FRACTIONS’? OF SERUM (REE) AFTER BEING MIXED WITH THE 6‘ SUPERNATANT 
FRACTION?’ of SERUM REI 


PART I PART II 
SUPERNATANT FRACTION SUPERNATANT FRACTION 
OF SERUM (REI OF NORMAL SERU) 
FRACTIONS OF ANTI-RH A B A B 
SERUM (REE) GLOBULIN SUPERNATANT GLOBULIN SUPERNATANT 


“ndiluted 


) 


iv it 





71,048,576 2 = 
:2,097,152 
0 . = 


) . 
=4. 0 + 0.1 @.e. serum diluent - 


\ll dilutions made with undiluted, normal, adult, human serum of Group O. 
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and recorded in Table IV. In this experiment all dilutions and cell suspensions were prepare 


with undiluted, normal, adult, human serum of Group O. 


When a constant amount of the undiluted *‘supernatant fraction’’ of RI 
antiserum (Ree) is added to decreasing amounts of its own ** globulin traction,’ 
a marked suppression of the agglutination of the Rh-positive test cells results 
reducing the titer of its own ‘‘globulin fraction’’ from 32,000 to 16. Further 
more, the undilnted **supernatant fraction’? of serum (Ree) when added in con 
stant amount to decreasing amounts of the same “‘supernatant fraetion’* o| 


serum (Ree) itself, completely suppresses and prevents the agelutination of the 


Rh-positive cells by the incomplete (albumin) Rh antibody contained in. the 
greater dilutions of this “supernatant fraction.” In contrast, the addition ot} 
the **supernatant fraction’ of a normal serum fails to prevent the agglutination 
of the Rh-positive test cells by the ‘‘globulin fraction’ and the ‘‘supernatant 
fraction’’ of serum (Ree) 

In the experiments described thus ‘far, the blocking effect of the “superna 
tant fraction’’ of the anti-Rh serum (Ree) was tested against its own ** globulin 
fraction,’’ which contains a very potent incomplete (albumin) Rh antibody, and 
against one additional anti-Rh serum (Dad) containing the same type of Rh anti 
bodies but of lower titer. What effect would the ‘‘supernatant fraction” o 
serum (Ree) have on anti-Rh antibodies of the complete (saline) variety? To 
find the answer to this question, two anti-Rh sera with antibodies of the complet 
(saline) variety and an additional anti-Rh serum with antibodies of the incom 
plete (albumin) variety were tested in Experiment V. All of the dilutions and 
the cell suspension were made with undiluted, normal, adult, human serum ot 
Group ©. This experiment was carried out in the following manner: 

Decreasing amounts of (A) anti-Rh globulin (Dib), containing Rh antibodies of 
complete (saline) variety, (B) anti-Rh serum (And), containing Rh antibodies of the co 
plete (saline) variety, and (c) anti-Rh serum (Dad), containing Rh antibodies of the 
complete (albumin) variety, volume 0.05 ¢.c., were mixed in Part I with 0.1 ¢.c. of undilut 
‘supernatant fraction’’ of serum (Ree) and in Part IT with 0.1 ¢.c. of undiluted ‘‘supernat 
fraction’’ of a normal serum. Each tube received 0.05 ¢.c. of a 5 per cent suspension 
Rh, (ecDE/c) cells belonging to the blood Group O. Following the addition of the test ec 
the mixtures were incubated for one hour at room temperature and were then centrifuge 


The resulting agglutinations are recorded in Table V. 


TABLE V. BLOCKING EFFECT OF ‘*SUPERNATANT FRACTION’? OF SERUM (REE) ON 
AGGLUTINATION OF RH-POSITIVE Group OQ CELLS BY THREE ANTI-RH SERA 
PART I PART II 
SUPERNATANT FRACTION SUPERNATANT FRACTION 
OF SERUM (REE) OF NORMAL SERUM 
A B c \ B ( 
GLOBULIN SERUM SERUM GLOBULIN SERUM SER 
ANTI-RH SERA DIB (AND) (DAD (DIB (AND) (DAI 
1. Undiluted 
2. ASE P 
a. 1:4 
tL. 1:8 s 
5. 1:16 na re 
6. 1:32 + + 
7. 1:64 
8. 1:128 + . 
9. 1:256 = 
10. 0 


A, Globulin (Dib) contains anti-Rh antibodies of the incomplete (albumin) variety. 
B, Serum (And) contains anti-Rh antibodies of the complete (saline) variety. 
c, Serum (Dad) contains anti-Rh antibodies of the incomplete (albumin) variety. 
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It can be seen from this experiment that the “‘supernatant fraction’” of 
serum (Ree) completely suppresses the agglutination of Rh-positive cells by 
anti-Rh agglutinins irrespective of whether they are of the incomplete or the 
complete variety. The ‘supernatant fraction’? prepared from a normal human 
serum does not prevent the agelutination of the Rh-positive cells by any of the 
anti-Rh sera tested. 


DISCUSSION 


Zone phenomena frequently have been seen upon quantitative titration of 
Rh antisera. Taylor, Race, Prior, and Ikin'? reported an anti-Rh-containing 
serum which when used undiluted caused, according to their interpretation, the 
agglutination of cells classed as strongly positive reactors to Rh antibodies but 
failed to agglutinate weaker cells. Upon serial dilutions of this serum these 
weakly reacting cells also were agglutinated. The authors suggested at this 
time that the titration method should be applied to sera for the detection ot Rh 
antibodies. 

Attention was called by Levine" to the fact that prozone phenomena were 
occasionally observed in anti-Rh sera. He warned that such sera should not be 
used for routine Rh typing. The same author, with Waller,'? in additional 
experiments carried out on sera exhibiting prozones, reported that this phenome- 
non could be explained by the fact that such sera contained a mixture of c¢om- 
plete (saline) and incomplete (albumin) Rh agglutinins. The latter antibody 
acted as a ** blocking antibody *’ preventing the agglutination of Rh-positive cells 
in the first few dilutions. By absorption with Rh-positive cells this prozone 
could be eliminated, apparently due to the removal of the incomplete (albumin 
ivpe of Rh antibody. 

After the investigations of various authors had shown that the **blocking’’ 
antibody of Wiener, or the *tincomplete’’ antibody of Race, could be demon- 
strated directly when undiluted human serum or 20 per cent bovine albumin 
eplaced saline solution as the diluent, Levine!’ reported that quantitative studies 
n the “direct reaction”? of this so-called ** blocking’? antibody revealed the pres- 
nee of a prozone phenomenon in certain instances. He raised the question 

hether there were not two varieties of ‘*blocking’’ antibodies. 

Hattersley and Faweett't reported three instances of Rh antisera showing 

ozones when titrated in undiluted human serum and tested against Rh-positive 
s suspended in 30 per cent bovine albumin. The prozones observed by them 
| not appear at room temperature but only following incubation of the serum- 
| mixtures for one hour at 87° C. This prozone occurred only with cells of the 
btvpe Rh, but not with Rh’ or Rh” cells. Tf the tubes were centrifuged im- 
lately after the titration was completed the prozone phenomenon failed to 
ear. As a result of this observation Hattersley’? suggested a modification of 
technique of routine Rh typing, using the readily available Rh antisera con- 
ing Rh agelutinins of the incomplete (albumin) variety and centrifuging ai 
| speed without preliminary incubation in order to eliminate falsely negative 
‘tions as a result of the prozone phenomenon. It is interesting to note that 
prozone phenomenon increased in Hattersley and Faweett’s case 3 follow- 
stimulation of the patient with small injections of Rh-positive blood belong 
to the subtype Rh,. 








1360 WITEBSKY AND MOHN 


SUMMARY AND CONCLUSIONS 


The method of splitting anti-Rh sera into two fractions by dialysis, name] 
the precipitate (globulins) and the supernatant (mixture of albumin and eglobu 
lins), has been applied to the serum of an Rh-negative patient (Ree) who pr 
duced Rh antibodies following multiple transfusions of Rh-positive blood over . 
period of several years. The comparison of the untreated serum with its two 


fractions led to the follow In@ observations : 


1. The native, untreated serum when tested for Rh antibodies, using w 

diluted human serum as a diluent, contained Rh agglutinins of the incomple: 
albumin) variety up to a titer of approximately 260,000. However, definit: 
zones of agglutination became apparent upon quantitative titration. 

2. Marked agglutination of Rh-positive cells decreasing in strength in 
straight line upon dilution was produced by the **globulin fraetion.”* No zon 
phenomenon was observed with this fraction. 

3. The second fraction, the “supernatant,” showed a strone prozone pli 
nomenon in the first few dilutions. By *‘combining’” the two fractions, thy 
‘globulin’? and the ‘*supernatant,”’ the irregular zone phenomenon of the native 
untreated serum ean be understood. 

4. The “*supernatant fraction”’ of serum (Ree) blocks the agglutination o| 
Rh-positive cells by both the complete (saline) and the incomplete (albumir 
varieties of Rh antibodies. This is in contrast to the blockine effect of the Ri 
incomplete (albumin) antibody which inhibited the agglutination of Rh-positive 
cells by the complete (saline) Rh antibody only but induced agglutination of Rl 
positive cells by its own action when saline solution was replaced by undiluted 
normal serum or albumin solution. 
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STUDIES ON Ri ANTIBODIES 


I]. Tt DEMONSTRATION OF A THIRD Type or Rie ANTIBODY WITH 
BLOCKING PROPERTIES 


JAMES F. Moun, M.D.. AND ERNEST WiteBsky, M.D. 
BuFFALO, N. Y. 


lil. preceding communication! deseribed experiments carried out on an anti- 

Rh serum obtained from an Rh-negative patient who had received multiple 
transfusions of Rh-positive blood. This serum showed a peculiar zone phe- 
homenon upon quantitative titration. When divided into two fractions by 
dialysis, the precipitate (the ‘‘globulin fraction’’) and the supernatant (the 
‘supernatant fraction’), the *‘globulin fraction’’ produced agglutination of 
Rh-positive cells decreasing in poteney in a straight line following the serial 
dilutions without exhibiting a zone phenomenon. In contrast the ‘*supernatant 
traction” showed a definite prozone phenomenon which was not evident in the 
native serum itself, 

Prozone phenomena have been encountered frequently during Rh antibody 
investigations as mentioned in the preceding paper.'| The experiments to be 
reported in this second communication deal with the problem of whether the 
prozone phenomenon found in the ‘supernatant fraction’? of serum (Ree) is 


e toa surplus inhibition (surplus of Rh antibodies) or is caused by the pres- 


enee of a peculiar antibody exhibiting a blocking effeet which, in contrast to the 


locking” antibody described by Wiener, manifests itself even when un- 
ited, normal, adult, human serum is used as a diluent. 

Assuming that we are dealing with a true antibody effect and not a surplus 
bition, Rh-positive cells treated with such an antibody should remain blocked 
ough subjected to multiple washines with physiologic saline solution or un- 
ted, normal, human serum. On the other hand, if the zone phenomenon 

due to a surplus of Rh antibodies, multiple washings of the sensitized cells 

id result in a removal of this surplus of antibodies thus causing ageglutina- 

to occur. The experiments to be reported herein deal with this problem. 
im the technical point of view two different procedures were involved in each 
riment: one, in which the Rh-positive cells were treated with the **super- 

it fraction’? of serum (Ree) followed by a series of thorough washings of 
blood cells, and the second, whieh consisted of the actual testing of the 
tized cells by means of the addition of anti-Rh sera containing different 
ties of Rh antibodies. 
Che first experiment well illustrates the principal procedures employed. 
is performed in order to determine whether or not the **supernatant frae- 
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tion’? of serum (Ree) contained an antibody which would sensitize Rh-positiv: 
cells and thus prevent their agglutination when subsequently mixed with anti-R} 


serum. Experiment IT was carried out as follows: 


7 Vethod of Ne nsitization oT; Rh Positive Cells. 
0 bloo 


i 05 ee. of a 10 per cent suspension ot Rh, (cDE /e cells belonging 


Group O was added to each of ten tubes in two rows of five tubes each. 


) » » 


2. To Row (A increasing dilutions (1) undiluted, (2) 1:3, (3) 1:9, (4) 1:27 


and (5) 1:81 of the ‘*supernatant fraction’? of serum (Ree) were added in 
volume of 1.5 cc. per tube. \ total volume of 2.0 ¢.e. was obtained in al 
tubes, the only difference being the amount of the ‘*supernatant fraction’ 
present in each tube. 

o. The tubes were shaken well and kept for thirty minutes in the refrigerato 
at 4° C. 

!, After centrifuging the tubes for ten minutes at 4,500 revolutions per minute, 
the supernatant fluids were aspirated and disearded, 

5. The sediments, consisting of packed red blood cells, were washed thorough 
three times using 5.0 ¢c.e, of ice-cold 0.9 per cent saline solution per tube.’ 

6. After the third washing all of the saline solution was removed as completely 


as possible by aspiration. 


7. 0.9 «ec. of undiluted, normal, adult, human serum was added to each tube and 
the sedimented cells were resuspended completely in’ the serum. 

8. A parallel Row (B was set up under identical experimental conditions steps 
1-7), the only difference being that the ‘*supernatant fraction’? of a normal 


serum was used (control 


Il. Method of Testing the Sensitized Rh-Positive Cells for Agglutination With Anti-Rh 
Sera.—v0.09 e.c. of the cell suspensions was removed from each of the tubes of Row (A) 1 


Row (B) and pipetted into a new series of small tubes. The experiment was carried o 


in duplicate. To each tube in Part I, 0.05 ¢.c. of undiluted anti-D (Rh,) serum containing 


Rh agglutinins of the complete (saline) variety was added, and to each tube in Part I, 
0.05 e.c. of undiluted anti-D (Rh,) serum containing Rh agglutinins of the incomplete 


bumin) variety was added. After being allowed to stand for thirty minutes at room tempers 
ture, the tubes were spun down for two minutes at 1,500 revolutions per minute. The rr 


sulting agglutinations are seen in Table T. 


TABLE I. AGGLUTINATION BY ANTI-RH SERA OF RH-POSITIVE CELLS TREATED WITH TH 
‘*SUPERNATANT FRACTION’’ OF SERUM (REI 


PART I PART II 

ANTI-D (RH,) AGGLUTININS ANTI-D (RH,) AGGLUTININS 

COMPLETE (SALINE) VARIETY INCOMPLETE (ALBUMIN) VARI 
SUPERNATANT’ \ B \ B 

FRACTIONS SERUM (REE) NORMAL SERUM SERUM (REE) NORMAL SEI 

1. Undiluted 
» 1:3 
5 Fe hes 
2227 
>. 1:3] 


\ll dilutions made with undiluted, normal, aduit, human serum of Group O. 
No agglutination. 
Faint agglutination. 
Slight agglutination. 
Marked agglutination. 
Strong agglutination. 
Very strong agglutination. 
*Physiologic saline solution was used for all of the dilutions and washings as_ pre 1s 
experiments revealed that there was no difference in the outcome of the experiments irr 
tive of whether saline or undiluted, normal, adult, human serum was used. 
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According to Experiment I, Rh-positive cells treated with the ‘*supernatant 
fraction’? of serum (Ree) fail to be agglutinated upon the addition of Rh 
antibodies of both the complete (saline) and the incomplete (albumin) variety 
depending upon the amount of the ‘*supernatant fraction’’ of the serum (Ree } 
used for the sensitization of these cells. The complete (saline) type of Rh 
agglutinin seems to be blocked more easily than the incomplete (albumin) type. 
In contrast, the ‘supernatant fraction’’ obtained from a normal, adult, human 
serum does not exhibit any blocking properties, indicating the specificity of the 
effeet observed. 

The results of this experiment were corroborated in many others carried 
out in an identical or similar manner and seem to suggest that the prozone phe- 
nomenon observed in the ‘*supernatant fraction’* of serum (Ree) is due to a 
peculiar type of Rh antibody rather than to the presence of a surplus of Rh 
antibodies which should have been removed by the multiple washings. 

The question arose whether the inhibition of agelutination shown in the 
first experiment could be reproduced with an Rh antibody of the known in- 
complete (albumin) variety previously deseribed) by Race? and Wiener,’ or 
whether the blocking phenomenon was caused by a different third type of Rh 
antibody present in the ‘supernatant fraction’’ of serum (Ree ) 

In an attempt to answer this problem, an experiment was carried out on 

qualitative basis comparing the ‘‘supernatant fraction’? of serum (Ree) with 
the ‘supernatant fraction’* of anti-Rh serum (Fis) known to contain Rh agelu- 
tinins of the incomplete (albumin) variety. Experiment Il was performed as 
follows: 

1. Method of Sensitization of Rh-Positive Cells. 

1. 0.5 ¢.c. of a 10 per cent suspension of heterozygous Rh, (CDe/ce) cells belonging 
to blood Group O was added to each of three tubes. 
2. 0.5 ce. of undiluted ‘* supernatant fractions’? was added to each tube as follows: 
Tube (A): ‘Supernatant fraction’? of serum (Ree 


Tube (B): ‘Supernatant fraction’? of serum (Fis). 


Tube (Cc): ‘*Supernatant fraction’* of a normal, adult, human serum (control). 


The three tubes were shaken well and kept for thirty minutes in the refrigerator 
at 4° C. Following this incubation period, examination of the tubes revealed 
agglutination in tube (B) with the ‘‘supernatant fraction’’ of serum (Fis) 
known to contain incomplete (albumin) Rh agglutinins. No visible agglutina 
tion was detectable in the other two tubes (A) and (C). 

1. The tubes were centrifuged for ten minutes at 4,500 revolutions per minute 
and the supernatants were aspirated and saved for further testing as will be 
described in a later experiment (Experiment IIT). 

o. The cell sediments were washed thoroughly three times, using 5.0 ¢.c. of ice 

cold physiologic saline solution for each tube. When saline solution was added 

the first time, the packed cells in tubes (A) and (C) completely dispersed 
showing no agglutination. However, the cells in tube (8B), which had been 
treated with the incomplete (albumin) Rh agglutinins of the ‘‘supernatant 
fraction’’ of serum (Fis), again showed definite agglutination. This clump 
ing was completely broken up by vigorous shaking and inverting of the tube. 

Some agglutination still occurred in tube (B) following the second washing 

but to a much lesser degree than at the time of the first washing. When the 


cells were washed a third time, no visible agglutination was noticeable. 
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6. After the third washine and centrifugation the saline solution was) remove 
as thoroughly as possible by aspiration. 
7. 0.5 ee. of undiluted, normal, adult, human serum then was added to) each 


the three tubes and the packed, sedimented cells were resuspended complete! 


Il. Method of Testing the Sensitized Rh-Positive Cells for Agglutination With Antik 


Sera.—To 0.05 ee. of each of the three sensitized cell suspensions pipetted into three rows ¢ 
three small tubes each were added in Row (1), 0.05 ¢.e. undiluted anti-D (Rho) serum con 
taining Rh agglutinins of the complete (saline) variety; in Row (2), 0.05 c.c. undilut 
anti-D (Rh,) serum containing Rh agglutinins of the incomplete (albumin) variety; and 

Row (3), 0.05 ee. of undiluted, normal, adult, human serum. After standing for one li 

at room temperature, the tubes were centrifuged for two minutes at 1,500 revolutions px 
minute and read macroscopically for agglutination, The results are seen in Table TT, 

TABLE IT]. AGGLUTINATION BY ANTI-RIL SERA OF RH-POSITIVE CELLS TREATED WITHL THI 


‘SSUPERNATANT FRACTIONS’? OF SERUM (REE), SERUM FIS), AND A NORMAL SERUM 


SUPERNATANT FRACTIONS 


\ B ( 
SERUM (REE SERUM (FIS NORMAL SI 
1 Anti-D (Rh agglutinins (complete 7 
2. Anti-D (Rh) agglutinins (incomplete 
3. Normal, adult, human serum + 


\ll dilutions made with undiluted, normal, adult, human serum of Group O. 


The “supernatant fraction” of serum (Ree) completely suppresses agelu 
tination of the test cells. In contrast, the ‘supernatant fraction’’ of a serun 
containing Rh antibodies of the incomplete (albumin) variety fails to inhibit 
the agglutination of Rh-positive cells upon the subsequent addition of Rh ag 
elutinins of either the complete (saline) or the incomplete (albumin) variety, 
behaving exactly as the “*supernatant fraction’*’ of the normal serum. 

Attention should be called to the facet that Rh-positive cells treated with a 
‘supernatant fraction’? containing incomplete (albumin) Rh antibodies were 
only slightly agglutinated, if at all, following their resuspension in undiluted, 
normal, adult, human serum (3B). This observation suggests that the incomplete 
(albumin) type of Rh agglutinins ean be removed from Rh-positive cells hy 
simple washing, a finding which will be diseussed later in detail. 

As mentioned, the supernatants obtained in step 4 during the preparation 
of the preceding experiment were kept for further study. They are nothing 
else but the absorbed *‘supernatant fractions’? of the Rh antisera used in bx 
periment II. It was of interest to find out in what way the Rh agelutinin con 
tent of these sera was affected by treatment with Rh-positive cells. 

Experiment IIL shows the influence of absorption upon the Rh antibod) 
content of the “‘supernatant fraction’? of the two anti-Rh sera. The titrations 
were set up in two parts as follows: 

Decreasing amounts of the ‘‘supernatant fractions’? of sera (Ree) and (Fis) re 
spectively, volume 0.05 ¢.e., in Part T, before absorption, and in Part II, after absor} 
were mixed each with 0.05 e.c. of a 2 per cent suspension of heterozygous Rh, (CDe/ce) | 
O cells. The tubes were shaken thoroughly and allowed to stand for forty-five minut 
room temperature. They then were centrifuged and read macroscopically for agglutil 
as recorded in Table III. As a diluent for all the dilutions and the test cell suspension wn 


diluted, normal, adult, human serum of Group O was used. 








L\ 
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BLE III. AGGLUTINATION OF RH-POSITIVE CELLS BY THE ‘‘SUPERNATANT FRACTIONS’? OF 


SERUM (REE) AND SERUM (FIS) BEFORE AND AFTER ABSORPTION 


PAKT | PART II 
BEFORE ABSORPTION AFTER ABSORPTION 
\ B g D 
SUPERNATANT FRACTION SERUM (REE ) SERUM (FIS SERUM (REE ) SERUM (FIS ) 
1. Undiluted 
2: UsZ + 
oo se +++ 4 + 
ae 
5. 1:16 
6; 1:32 
7. 1:64 | + 
8. 1:128 
9; 1:256 
iO) 14542 
11. £:1,024 


\ll dilutions made with undiluted, normal, adult, human serum of Group O. 


The comparison of the ‘*supernatant fractions” of serum (Ree) and serum 


His) respectively reveals an interesting contrast. Treatment of the **super- 
natant fraction’ ” of serum (Ree) with Rh-positive cells has resulted in a sur- 
prising increase in the degree of agglutination obtained rather than in a de- 
crease as would be expected. On the other hand, treatment of the **supernatant 
fraction” of serum (Fis), carried out under identical conditions, has resulted in 
a considerable loss of the Rh antibody content. Apparently a blocking type of 
Rh antibody has been absorbed from the “supernatant fraction’* of serum (Ree), 

llowing the incomplete (albumin) type of Rh antibody, also present, to aet 
on the Rh-positive test cells to a greater degree than before absorption. This 
viradoxical phenomenon seems to be explained best by the assumption of dif- 
erences in the avidity of the various types of Rh antibodies for Rh-positive cells. 

That absorption of the **supernatant fraction”’ of serum (Ree) with Rh- 


ositive cells indeed increases rather than decreases its agglutinatine poteney 


der certain quantitative conditions is shown in the following Experiment LV. 


|. Method of Absorption of Supernatant Fraction of Serun (Ree)*. 


1. 1.0 ee. of the undiluted ‘‘supernatant fraction’? of serum (Ree) was added to 
1.0 cee. of thrice washed, packed heterozygous Rh, (CDe/ce) Group O cells, 
mixed and kept for thirty minutes in the refrigerator at 4° ©, 

2. Following centrifugation for ten minutes at 4,500 revolutions per minute, the 
supernatant fluid was aspirated, saved, and labelled ‘* Absorbed Fluid No. 1.7? 
An aliquot was removed for testing purposes. 

3. The remaining ‘* Absorbed Fluid No. 1°" was reabsorbed with an equal volume 
of washed, packed cells, kept at 4° C., and centrifuged; the supernatant was 
aspirated and labelled ‘* Absorbed Fluid No, 2.”’ 


Il. Quantitative Testing of the Absorbed Supernatant Fraction of Serum (Ree).—De 
ng amounts of (A) the ‘supernatant fraction’? of serum (Ree) before absorption, 
ter the first absorption (‘* Absorbed Fluid No. 1°"), (C) after the second absorption 
sorbed Fluid No. 2°"), volume 0.05 ¢.¢., were mixed with 0.05 ¢.¢. of a 2 per cent suspen 
of heterozygous Rh, (CDe/ce) Group O cells. Undiluted, human serum was used as a 


For this experiment the lyophilized “supernatant fraction” of serum (Ree) was dis- 
‘ In undiluted, normal, adult, human serum of Group A instead of in 0,9 per cent saline 
mn. 
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diluent throughout the experiment. After standing for forty-five minutes at room temperature 
the tubes were centrifuged at 1,500 revolutions per minute for two minutes, The resulting 


agglutination as read macroscopically is recorded in Table LV. 


TABLE LV. AGGLUTINATION OF RH-POSITIVE CELLS BY THE ‘*SUPERNATANT FRACTION’? O} 
SERUM (REI AND THE ABSORBED FLUIDS PREPARED FROM THIS FRACTION 


B G 

SUPERNATANT FRACTION OF \ ABSORBED PLUID ABSORBED FLUID 

SERUM REI UNTREATED NO. ] NO. 2 

1. Undiluted + 

ae REZ 

os ae 

EL; es 

3. 1216 

6. 1:32 

7. 1:64 

8. 1:128 

9, 12256 ; t t 

10.. 1:512 t + 

11. 1:1,024 

12. 1:2,048 + 

13. 124.096 + 

14. 1:8,192 

1d. 1:16,384 + 

16. 1:32,768 

17. 1:65,536 

IS. 0 


All dilutions made with undiluted, normal, adult, human serum of Group O 


Treatment of the ‘supernatant fraetion’’ of serum (Ree) with an equal 
volume of packed Rh-positive cells inereases the degree of agglutination of RI 
positive cells produced by this fraction. It also reduces the prozone. Upon 
further absorption, however, a decrease in agglutination of Rh-positive cells 
occurs, suggesting that following the removal of the blocking variety of Rh 
agglutinins, the incomplete (albumin) variety of Rh agglutinins is removed next. 

In order to study the specificity of the blocking effect of the **supernatant 
fraction”’ of serum (Ree) upon the agglutination of Rh-positive cells, the follow 
experiment was set up: 


A 10 per cent suspension of homozygous Rh, (CDe/Ce) Group O cells was mixed wit! 
equal volumes of (1) undiluted, (2) 1:10 diluted, and (3) 1:100 diluted ‘‘supernatant fr: 
tions’’ respectively of (A) anti-Rh serum (Ree), and (B) a normal, adult, human. set 
The washing and resuspending procedures were identical with those described in detail w 
Experiment I. 

The blood cells treated in this way were tested for agglutination in the follow 
manner: 

To 0.05 ec. of each of the sensitized cell suspensions was added in Part I, 0.05 e. 
an undiluted anti-D (Rh.) serum, and in Part IT, 0.05 e.c. of an undiluted anti-C (Rh’) ser 
Both anti-Rh sera contained Rh antibodies of the complete (saline) variety. The tubes were 
allowed to remain thirty minutes at room temperature, then were centrifuged and read ma 
scopically for agglutination as shown in Table V. 


Homozygous Rh, (CDe/Ce) cells treated with the ‘supernatant fractio 
of serum (Ree) fail to be agglutinated upon the addition of anti-D (Rhe) serun. 
However, the addition of anti-C (Rh’-70%) serum brings about agglutination 
without showing any trace of inhibition. 
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TABLE V. AGGLUTINATION BY ANTI-D (RH,) AND ANTI-C (RH’) SERA OF RH-POSITIVE CELLS 
TREATED WITH THE ‘‘SUPERNATANT FRACTION’? OF SERUM (REI 


PART I PART II 

ANTI-D (RH,) SERUM ANTI-C (RH’) SERUM 
SUPERNATANT \ B \ B 
FRACTIONS SERUM (REE) NORMAL SERUM SERUM (REI NORMAL SERUM 
1. Undiluted 
2 eo 
: 1: 100 


All dilutions made with undiluted, normal, adult, human serum of Group O 


A similar type of experiment carried out with Rh. («eDE/c) cells using 
an anti-E (Rh’) serum, proved that agglutination of Rh. cells by an anti-E 
antibody was not inhibited by the “‘supernatant fraction’ of serum (Ree). The 
blocking effect of the ‘‘supernatant fraction’? of serum (Ree), therefore, corre- 
sponds to the specifieity of an anti-D (Rh,) antibody. These results parallel 
the findings obtained by Hattersley and Faweett* in their study of the prozone 


phenomena shown by several anti-Rh sera. 


DISCUSSION 


The experiments described in this paper were designed to analyze the nature 
of the prozone phenomenon of the **supernatant fraetion’’ obtained by dialysis 
from a certain anti-Rh serum (Ree). The question presented itself as to 
whether this prozone was caused by a surplus of Rh antibodies or was due 
to the presence of a new and different type of Rh antibody which inhibited 
rather than produced agglutination, Rh-positive cells after being exposed to the 
‘supernatant fraction’” of serum (Ree) in concentrations which gave the pro- 
zone effect should have become agglutinated following removal of an excess 
of Rh antibodies by multiple washings. Rh-positive cells treated in this manner, 
however, did not only fail to become agglutinated when resuspended in saline 
solution or undiluted, normal, adult, human serum, but also could not be clumped 
anv more by the addition of Rh antisera containing Rh antibodies of either the 
omplete (saline) or the incomplete (albumin) varieties. It is difficult to 
void the conelusion that the prozone phenomenon under discussion must be 
caused by an Rh antibody of blocking character rather than by the presence 
i a surplus of Rh antibodies of the two known varieties (complete and incom- 
plete). 

Furthermore, maximum agglutination of Rh-positive cells (4-plus ageglu- 
ination) should have oceurred upon serial dilution of the *‘supernatant frae- 
ion” of serum (Ree) provided the prozone phenomenon was due only to an ex- 
ess of Rh antibodies and not to the presenee of a particular blocking antibody. 
‘his fraction, however, never produced agglutination of the 4-plus strength, 
et 4-plus agelutination occurred following its absorption with Rh-positive cells. 
‘he new type of Rh antibody herein described must, therefore, possess a 

reater avidity for the Rh antigen of the red blood cell than the incomplete 
albumin) Rh antibody. This latter antibody in turn, as evidenced by the ex- 
eriments of Coombs and Race® and Levine and Waller,® has a greater avidity 
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for the Rh antigen than the complete (saline) Rh antibody. In other words, 
there is a difference in the speed of combination between the various types 
of Rh antibodies | sd the Rh antigen. 

In addition t differences in the speed of union between Rh antigen and 
the different Rh astibodies, there seems also to be a difference in the strength 
of the Rh antigen-antibody combinations. Multiple washines with saline solu 
tion removed the incomplete (albumin) variety of Rh antibody from Rh-posi 
tive cells in contrast to the new type of Rh antibody which remained attached 


to the cells, apparently not being influenced by the multiple washing procedure 


CONCLUSIONS 


1. The prozone phenomenon observed in the “*supernatant fraction’ > ob 
tained by dialysis from an anti-Rh serum (Ree) was found to be due to a 
new (third) type of Rh antibody rather than to a surplus of Rh antibodies of 
known varieties. 

2. This new type of Rh antibody when mixed with Rh-positive cells pre 
vented their agglutination upon the subsequent addition of Rh antisera contain 
ing Rh agelutinins of both the complete (saline) and the incomplete (albumin 
variety. 

3. In contrast, the “supernatant fractions” obtained by dialysis from: sera 
containing the incomplete (albumin) variety of Rh antibodies, as well as from 
normal sera, failed to reveal any inhibitory effect on the agelutination of Rh 
positive cells. 

4. The third type of Rh antibody could not be removed from Rh-positivs 
cells by multiple washings with saline solution, in contrast to the incomplet 
(albumin) type of Rh antibody which can be eluted by a series of washings. 

). Absorption of the “‘supernatant fraction”’’ of serum (Ree) with equal 
volumes of Rh-positive cells increased rather than decreased the agglutinating 


properties of this fraction. In contrast, the agglutinin titer of a ‘*supernatant 


fraction” containing only the incomplete (albumin) type of Rh antibody wi 
reduced materialiy by this treatment. 
6. The third Rh antibody deseribed was found to have anti-D) (Rhe) spe 
cificity. 
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STUDIES ON Rio ANTIBODIES 


II]. ANALYSIS OF A ZONE PHENOMENON IN AN RH ANTISERUM SPLIT BY 


DiaLysis INrO Four FRACTIONS 


JAMES F. Moun, M.D., AND ERNEST WITEBSKY, M.D. 
BUFFALO, N. Y. 


HK observations reported in the two preceding papers’ ? dealt with the antt- 

Rh serum (Ree) and its two fractions obtained by dialysis for eighteen hours 
following the method deseribed previously.’ However, the amount of precipitate 
Which formed during this period varied for different sera. It was influenced 
by the character ofthe serum itself, such as its Hpoid content, and depended, 
toa certain extent at least, upon the amount of distilled water used, the number 
of changes of distilled water made during each dialysis period, and other fae- 
tors. Furthermore, after removal of the first preeipitate which formed after 
eighteen hours, additional precipitation occurred following continued dialysis. 
Assuming that precipitates formed during various stages of dialysis would also 
correspond to different globulin fractions of the serum, their antibody content 
was examined. The method used constituted a further division of the original 
serum into four fractions (three ‘‘elobulin fractions’*> and one **supernatant 
fraction’’) in contrast to the previous dialysis technique which allowed the 
splitting of anti-Rh sera into two fractions only (the **globulin fraetion’* and 
the “*supernatant fraction’’). This more refined method of dialysis of anti-Rh 


sera revealed results which are the subject of this report, 


TECHNIQUE 


\ll of the dialysis experiments reported in this and in the previous communications were 
erformed using the same type of dialysis membrane, which was prepared by cutting a 


ym /*0) 


ifficient length of viscose tubing,” using 27/32 inch casing of a size approximately 43> mm. 


diameter, A bag was made from the piece of tu ing hy folding one end upon itself 
veral times and securing it tightly with twine. The tubing was opened by moistening it with 
stilled water, and was filled with distilled water, testing for leakage by placing the contents 
f the bag under as great a tension as possible. The respective serum specimen to be examined, 
ich was stored frozen at —30° C.. was thawed at room temperature, Using a small glass 
nnel, 100 ce. of this serum were poured into the viscose tubing bag. The air was forced out 


t} 


e membrane without appreciable loss of the serum and the open end of the bag was 


sted tightly in order to put the serum under tension. This end then was secured firmly 
th twine. After weighting the bottom end of the dialyzing bag with a one-hole rubber 


pper, the outside was rinsed thoroughly with distilled water. The bag then was suspended 


a glass stirring rod into a battery jar holding 12,000 e.c. of freshly distilled water pre 


oled to 4° C. by storage in the refrigerator for at least four hours prior to dialysis, Dialysis 
‘allowed to continue in this first battery jar in the refrigerator at 4° C. for six hours, 


Iter this period the dialyzing bag was transferred to a second battery jar also containing 


From the Department of Bacteriology and Immunology, University of Buffalo School of 
Heine and the Laboratories of The Buffalo General Hospital. 

teccived for publication, Sept. 7, 1948. 

*The viscose tubing consists of regenerated cellulose and is made commercially by the 
king Corporation, Chicago, Il. It is obtainable from laboratory supply houses such as_ the 
‘her scientific Company, Pittsburgh, Pa., or the Will Corporation, Rochester, N. Y. 
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12,000 ¢.c. of freshly distilled wate precooled to 4° C., and dialysis was permitted to continue 
in the refrigerator for twelve hours. The total time period allotted for this first pliase ot 
dialysis was eighteen hours. 

The bag then was inverted several times, resuspending completely the precipitate whie 
had settled to the bottom, and the exterior of the membrane was rinsed with distilled water 
The bottom of the bag was opened by severing the string and the contents were emptie 
into a large glass beaker. 

Approximately half of the dialysate was transferred to a plastic centrifuge tube ot 
SO ec. capacity and centrifuged in an angle centrifuge at 5,000 revolutions per minute for 
thirty minutes. The supernatant was decanted off and saved. The remaining half of 
dialysate was added to the same centrifuge tube containing the sediment obtained in the 
previous run and spun down, thus collecting all of the precipitate in the one centrifuge tubs 
The supernatants were combined as ‘*supernatant fraction’? and saved for further dialysis 
The tube containing the packed sediment was inverted on coarse filter paper and allowe 
to drain for thirty minutes at room temperature. 

The precipitate recovered from the 100ve.c. of serum was dissolged in 10 c.e. of 


cent saline solution which was added in divided amounts. After « 


0 pre 
el) portion of saline sol 
tion was added, the precipitate was stirred vigorously with a glass stirring rod. Final solu 
tion occurred readily at room temperature within fifteen to thirty minutes. The globuln 
solution was transferred to a double-thickness, Pyrex, conical centrifuge tube and spun down 
an angle centrifuge for fifteen minutes at 1,500 revolutions per minute. Only a slight amount 
of insoluble material remained and this was discarded. The clear solution was Ivophilized. it 
1 «cc. amounts and stored at room temperature. This material is referred to as ‘*globulit 
fraction No. 1,’’ which represents a ten times concentration as compared with the nati 
serum. 

The ‘*supernatant fraction’? obtained from this first phase of dialysis was again s 
jected to eighteen hours of dialysis exactly as described for the first period, The precipitat 
which formed was collected in the same manner as stated for ‘‘elobulin fraction No. 1.’ 
Inasmuch as it was slightly less in amount than the first precipitate, it was dissolved in onl 
9 cc. of 0.9 per cent saline solution. The resulting solution was labelled ‘* globulin fractii 
No. 2,’’ constituting a twenty times concentration as compared with the native serum. 

The ‘‘supernatant fraction’’ recovered following the second stage of dialysis w 
dialyzed a third time over a period of eighteen hours as already described in detail. 1 


» 


small amount of precipitate obtained was dissolved in 2 ¢.c. of physiologic saline’ solutir 


This was labelled ‘* globulin fraction No. 3°’ and amounts t 


a fifty times concentration 
compared with the native serum. 

The final supernatant fluid recovered from the third dialysis was lvophilized in’ 10 
amounts and is referred to as the ‘supernatant fraction.’’? When employed for experiment: 
purposes the dried ‘‘glebulin fractions’? were dissolved in distilled water and the salt-f 
‘*supernatant fraction’? in 0.9 per cent saline solution in order to maintain isotonicity in 
fractions, 


EXPERIMENTAL 
The Rh antibody content of the four fractions derived from serum (Re 
was determined by means of quantitative titrations in an experiment which 
‘arried out in two parts. In Part I, all dilutions were made in physiolos 
saline solution, while in Part II, undiluted, normal, adult, human serum w 
used as a diluent. The experiment itself was performed as follows: 


Decreasing amounts of (A) native serum, (B) ‘‘ globulin fraction No. 1,7’? (©) ‘glob 
fraction No. 2,’’ (D) ‘* globulin fraction No, 3,°’ (E) ‘‘supernatant fraction,’’ volume 0.05 
each were mixed with 0.05 ¢.c. of a 2 per cent suspension of washed Rh, (eDE/c) Grou 
cells. The tubes were shaken well, kept for one hour at room temperature and centrifuged 


two minutes at 1,500 revolutions per minute. The resulting agglutination is shown in Tabl 
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“Globulin fraction No. 1° contains a potent complete (saline) Rh agelu 
tinin. ‘‘Globulin fractions No. 2 and No. 37° as well as the ‘*supernatan 
fraction”’*> are devoid of any complete (saline) Rh antibodies. It should by 
kept in mind that the *‘globulin fractions’? compared with the native serun 
are 10, 20, and 50 times concentrated respectively. When undiluted, human 
serum is used as a diluent, the native serum reveals the presence of Rh agelu 
tinins, again exhibiting a definite zone phenomenon in the middle of the series 
of dilutions. ‘*Globulin fractions No. 2 and No. 37° contain Rh antibodies o 
the incomplete (albumin) variety, decreasing in streneth in a straight) lin 
upon dilution, indicating that it is possible to separate the complete and. thi 
incomplete Rh antibodies by dialysis. Obviously, therefore, prolonged dialysis 
of the serum has resulted finally in the precipitation of *‘elobulin’ fractions 
containing the incomplete (albumin) Rh antibodies also. 

This experiment might well be compared with the Experiment [ described 
in the first paper of this series.’ The single eighteen-hour dialysis did not bring 
about the precipitation of the incomplete (albumin) Rh agelutinins whieh 1 
mained in solution. Nevertheless, even after three cighteen-hour dialysis 
periods, a certain amount of incomplete (albumin) Rh antibodies still remains 
in the *‘supernatant fraction’ which exhibits a strong prozone phenomenon. 

The question arose whether the ‘supernatant fraction’ remaining afte: 
dialysis of serum (Ree) for three davs would still contain the blocking ant 
body deseribed in the preceding communication.2 In order to clarify this point 
the following experiment was carried out: 

1. Method of Sensitization of Rh-Positive Cells, 

1. 0.5 «ec. of a 10 per cent suspension of three times washed Rh, («eDE/c) Gi 
O cells was added to four rows of six tubes each. 


2. Increasing dilutions (1) undiluted, (2) 1:3, (3) 1:9, (4) 1:27, (5) 1:81, 


Zi 
(6) 1:243 of the following materials were added in a volume of 0.5 ¢.c. per 1 
as follows: 

Row (A): Native (untreated) serum (Ree 

Row (8B): ‘*Supernatant fraction’? of serum (Ree 


Row (¢): Normal adult serum. 


Row (Dp): ‘*Supernatant fraction’? of a normal adult serum. 
3. After shaking the tubes they were kept for thirty minutes in the refrigerator 
at 4° C. 


t. The tubes were centrifuged for ten minutes at 4,500 revolutions per minute : 
the supernatants were aspirated and discarded. 

5. The sediments, consisting of packed red blood cells, were washed thoroug 
three times, using 5 ¢.c. of ice-cold 0.9 per cent saline solution per tube. 

6. Following the third washing, all of the saline solution was removed by aspirat 

7. 0.8 «ec. of undiluted, normal, adult, human serum was added to each tube 
the cells were resuspended completely in the serum, 

Il. Method of Testing the Sensitized Rh-Positive Cells for Agglutination With Ant 
Sera.—The experiment was set up in triplicate. To 0.05 ¢.c. of the cell suspensions of ¢ 
of the tubes of rows (A) to (PD), pipetted into a new series of small tubes, was adde 
Part I, 0.05 e.c. of undiluted anti-D (Rh,) serum containing Rh agelutinins of the com; 
(saline) variety; in Part II, 0.05 ce. of undiluted anti-D (Rh,) serum containing 
agglutinins of the incomplete (albumin) variety; and in Part III, 0.05 ¢.e. of undil 
normal, adult, human serum. After standing for forty-five minutes at room temperature 
tubes were centrifuged for two minutes at 1,500 revolutions per minute. The result 


agglutinations are seen in Table II. 
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As can be seen from Experiment II, blocking antibodies are present in th 
“supernatant fraction”’ of serum (Ree). The inhibitory effect of the ‘‘supe: 
natant fraction’? manifests itself against both the complete (IB) and the in 
complete (IIB) varieties of anti-D (Rh,) antibodies, though stronger agains 
the complete (saline) Rh agglutinins. The native serum (Ree), too, inhibits 
the complete (saline) anti-Rh agelutinins (IA). Strangely enough, however, 
fails to inhibit the agelutination of Rh-positive cells by the incomplete (albumin 
variety of anti-Rh agglutinins (ITA). The failure of Rh-positive cells pre 
viously sensitized by the native serum (Ree) to be agglutinated when taken 
up in undiluted, normal, adult, human serum (IITTLA)* confirms the observations 
made in the preceeding paper? that the incomplete (albumin) variety of Rh 
antibody can be removed from sensitized cells, to a great extent at least, by 
multiple washings. 

An attempt now was made to demonstrate in the native serum proper the 
presence of blocking antibodies against the incomplete (albumin) Rho anti 
body by subjecting Rh-positive cells sensitized by the native serum to a more 
thorough washing procedure than that used in the preceding experiment. To 


this end the following experiment was carried out: 


I. Method of Sensitization of Rh-Positive Cells. 
1. 0.1 «ec. of a 10 per cent suspension of three times washed heterozygous R 


eDE/c) Group O cells was added to eight rows consisting of ten tubes ea 


”. Increasing dilutions (1) undiluted, (2) 1:5, (3) 1:9, LE) 227. (9S) 2:81, 
(6) 1:243, (7) 1:729, (8) 1:2,187, (9) 1:6,561 and 10) 1:19,683 of the 
following materials were added in a volume of 0.1 ¢.c. per tube as follows: 

Row (A): Native (untreated) serum (Ree). 

Row (B): ‘*Supernatant fraction’? of serum (Ree 

Row (C): Normal, adult serum. 

Row (PD): ‘*Supernatant fraction?’ of a normal, adult serum, 


The experiment was set up in duplicate. 

+. The tubes were shaken and kept for thirty minutes at 4° C, 

1. After centrifuging the tubes for ten minutes at 8,000 revolutions per n 
the supernatants were aspirated and discarded. 

). The sediments, consisting of packed red blood cells, were washed thorouglils 
four times using 2 ¢.c. of ice-cold 0.9 per cent saline solution per tube. 

6. After the fourth washing all of the saline solution was removed complete 
aspiration, 

7. 0.1 ¢.e. of undiluted, normal, adult, human serum was added to each tube mt 


cells were resuspended in the serum, 


Il. Wethod of Testing the Sensitized Rh-Positive Cells for Aqglutination with A Kh 
Sera.—In Part I, 0.1 cc. of 1:5 diluted anti-D (Rh,) serum containing Rh ageglutin 
the incomplete (albumin) variety was added to each of the tubes, and in Part II, 0.1 
undiluted, normal, adult, human serum was added to each of the tubes. The tubes were 
allowed to stand at room temperature for one hour and were centrifuged for two minut 
3,000 revolutions per minute. The agglutination as read macroscopically is recorded in hle 
ote 


*Weak agglutination obtained in the first two tubes in Row (A) of Part I can eXx- 
plained by the presence of traces of Rh antibodies not yet completely removed by was! 1s 
indicated by an identical reaction in the first two tubes of Row (A) of Part III, in 
undiluted, normal, adult, human serum was used as a control in place of anti-Rh serum. 
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TABLE III. AGGLUTINATION BY AN ANTI-RH SERUM OF THE INCOMPLETE VARIETY OF RH-POSITIVI 
Groupe O CELLS PREVIOUSLY TREATED WITH NATIVE SERUM (REE) AND ITS 6‘ SUPERNATANT 
FRACTION ”’ 


PART I >ART II 
ANTI-D (RH,) SERUM UNDILUTED, NORMAL, ADULT SERUM 
ANTI-RIE SERUM INCOMPLETE VARIETY (CONTRO! 
\ B ( D \ B ( D 
SERUM SUPERNATANT SERUM SUPERNATANT [SERUM SUPERNATANT [SERUM SUPERNATANT 
SENSITIZING —~— ’ = 
SERUM (REE ) NORM AT (REE) NORM AI 
1. Undiluted 
” 1:3 + | ES + 
3. 1:9 
based + 
a. xo 
th, 1:243 + 
1, ltfes 
& 2:2, 187 
9, 1:6,561 - 
10. 1:19,683 


All dilutions made with undiluted, normal, adult, human serum of Group ©. 


Experiment II] shows that blocking antibodies against the incomplete 
(albumin) Rh antibody can be demonstrated even in the native serum (Ree). 
Their demonstration is made possible only by thoroughly washing the sensitized 
Rh-positive cells, a procedure which apparently is necessary to remove Rh anti- 
bodies other than the blocking variety which remains attached to the cells in 
spite of the washing. 

Coombs, Mourant, and Race*® have described an important technique which 
permits the detection of sensitization of Rh-positive cells by Rh antibodies. Rh- 
positive cells sensitized by Rh antibodies without showing visible agglutination 
re washed several times and then agglutinated by the addition of an antihuman 


serum rabbit serum. It was of interest to find out which position the Coombs 


TeST 


would assume in the detection of Rh antibodies as found in the various 


ractions of the Rh antiserum (Ree). The following experiment was carried 


to elueidate this problem. 


I. Method of Sensitization of Rh-Positive Cells. 


1. 0.1 ec. of a 10 per cent suspension of washed heterozygous Rh, (CDe/ce) cells 
belonging to blood Group O was added to each of twelve tubes in six rows. 

2. Increasing dilutions (1) undiluted, (2) 1:3, (3) 1:9, (4) 1:27, (5) 1:81, 
(6) 22243, (7) 12729, (8S) 1255087, (9) 126,061, (10) 1:19,683,. (11) 1:595049, 
and (12) 1:177,147 of the following materials were added in a volume ef 0.1 @.c. 
per tube as follows: 

Row (A): Native (untreated) serum (Ree). 

Row (B): ‘Globulin fraction No. 5°’ of serum (Ree). 

Row (c): ‘Supernatant fraction’’ of serum (Ree) 
These titrations were performed in duplicate. 

+. The tubes were shaken and kept for thirty minutes in the refrigerator at 4° C, 

1, Following centrifugation for fifteen minutes at 3,000 revolutions per minute, 
the supernatants were aspirated from the tubes and discarded. 

D. The packed red blood cells in each tube were washed three times using 2 ¢.c. of 


ice-cold 0.9 per cent saline solution per tube. 
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6. After the third washing all of the saline solution was removed as completely 


possible Hy aspiration, 


7. In Part I, 0.1 e¢.c. of 0.9 per cent saline solution was added to each of the tubes, 


while in Part TI, O.l-e.e. of undiluted, normal, adult, human serum was ada 


to each of the tubes and the cells were resuspended in the respective diluents. 


as 


Il. VUcthod of T+ sting the Scensitized Rh Positive Cells for Agglutination Wath Antihiuma) 


Serum Rabbit: Serum—In Part 1, 0.1 ee. of 1:50 diluted antiluman serum rabbit serum w 


added to each of the tubes, and in Part Tl, an additional 0.1 ¢.c. of the same undilute: 


normal, adult, human serum used for resuspending the cells was added to each of the tub 


as 


| 


control). The tubes were allowed to stand at room temperature for one hour and then wer 


centrifuged for two minutes at 1,000 revolutions per minute. The resulting agglutination 


are seen in Table LV. 


TABLE LV. CoomBs TES 


AGGLUTINATION BY ANTIHUMAN SERUM RABBIT SERUM OF Ril-POSITIVE CELLS SENSITIZED WI 
NATIVE SERUM EI ‘Np Two or Its FRACTIONS RESPECTIVELY 
PART II 

PART I UNDILUTED, NORMAL, ADULT SERUM 
\NTISERA ANTIHEUMAN SERUM RABBIT SERUM CONTROL 

B ( B ( 
\ GLOBULIN SUPERNA \ GLOBULIN SUPERNA 
ANTI-RU NATIVI FRACTION PAN NATIVE FRACTION TANT 
SERUM (REE) SERUM NO. 3 FRACTION SERUM NO. o FRACTIONS 


1 Undiluted 


>. 78] - 

6 243 

7 129 

& 122,187 - 

9. 126,561 - - 
10.) 1219,685 7 7 
11. 1:59,049 

im. Deayyia7 


The exceeding SCMSITIVIt) of the Coombs test is evident from = this expel 
ment. It allows the detection of the sensitization of Rh-positive cells by t1 
native serum (Ree) up to the final dilution used (up to 1:177,000). 0 TI 
“supernatant fraction’* of the serum (Ree) containing blockine Rh antibod: 
vives a positive Coombs test up to a dilution of 1:729, roughly corresponding 
its content of blocking Rh antibody (see Experiment II]). The strength of 4 
Coombs test obtained with **globulin fraction No. 3°" is surprising. This ** el 
ulin fraction’? contained Rh antibodies of the incomplete (albumin) vari 
demonstrable up to dilutions not higher than 1:256 (see Experiment I) and ) 
the Coombs test is still definitely positive with the highest dilution used in 1 
experiment (1:177,000). This finding is even more surprising if one consid: 
the results of Part Il of this experiment. Rh-positive test cells treated) in 
exactly identical way as in Part | were resuspended in undiluted, adult set 
without showing any trace of agglutination, pointing to the fact that the ince 
plete (albumin) Rh antibodies originally present were washed away or at | 
rendered ineffective by the washing procedure. It should also be mentio! 
that in experiments not reported in this paper, ‘globulin fraction No. 37’ 
found to be devoid completely of Rh hloekine antibodies. 


4 
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DISCUSSION 


Dialvsis has been used during the last three years in this laboratory as 
a means of splitting anti-Rh sera into two fractions, namely, the precipitate, 
referred to as the ‘globulin fraction,’ and the ‘*supernatant fraction’? which 
was obtained following removal of the precipitate by centrifugation. As pre- 
viously reported,’ the precipitate frequently contained the complete (saline 
Rh antibody while the incomplete (albumin) Rh antibody was found in the 
supernatant. In this manner certain anti-Rh sera whieh were useless as test 
sera could be made inte potent reagents for Rh determinations using the ** glob- 


ulin fraction.” This fraction can be concentrated easily, depending upon tl 


e 
volume of saline solution in which it is dissolved. The method also proved 
that Rh antibodies of different varieties might be separated from each other 
because they apparently are associated with different protein fractions of serum. 

In this paper a more quantitative method was used. Dialysis was con- 

tinued over a period of three days during which time precipitates formed 
after each eighteen-hour period were collected separately and examined for 
their Rh antibody content. Prolonged dialysis finally led to the preeipitation 
of a good portion of the incomplete (albumin) variety of Rh antibody.  How- 
ever, the remaining supernatant fluid still contained an Rh antibody with 
vpleal bloekine qualities. It seems doubtful whether further dialysis would 
have resulted also in precipitation of this type of Rh antibody. It should be 
interesting to find out how the method of fractionated alcohol preeipitation, as 
‘arried out by Cohn and associates, compares with the relatively simple proce- 
dure of dialysis used in the investigations reported. It seems unlikely that 
lialvsis in the cold denatures proteins at all, which might give this method a 
ertain advantage over others. 

Differences in avidity among the various types of Rh antibodies manifest 
emselves Upon washing sensitized Rh-positive cells. The incomplete (albumin 
riety of Rh antibody can be rather easily washed off with three or four thor- 
th washings as proved by the fact that Rh-positive cells previously sensitized 

this type of Rh antibody and then washed failed to be agglutinated when 

pended in undiluted, adult, human serum or albumin solution respectively. 
vas not possible, however, to remove the blocking type of Rh antibody present 
the “supernatant fraction’? of serum (Ree) even by a series of thorough 
shines. As a matter of facet, the blocking effeet of the native serum (Ree) 
ime apparent only following washing procedures. As one might speculate, 
blocking type of Rh antibody ‘takes over’* and readily combines with the 
antigens which become available following the removal of the incomplete 
nimin) Rh antibodies. 

The name blocking antibody used in this paper denotes an Rh antibody 

h not only fails to agelutinate but even interferes with the agglutination 

th-positive cells when they are suspended in an albumin-containing medium. 

ould be reealled that Wiener’ previously called the incomplete (albumin ) 
ety of Rh antibody the **blocking’’ antibody because it prevented agelu- 


tion of Rh-positive cells by the complete (saline) variety of Rh antibody in 
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physiologic saline solution. However, this blocking effect of the Incomplete 
(albumin) Rh antibody was evident only when physiologic saline solution wa 
used as a diluent, but not in undiluted serum or in albumin solution. Thi 
blocking antibody deseribed in this paper inhibits agglutination of Rh-positiv: 
cells even in an albumin-containing medium and it truly blocks the incomplet 
(albumin) variety of Rh antibody as well as the complete (saline) variety. 

Therefore, the existence of three varieties of Rh antibodies can be as 
sumed: (1) the complete or saline variety, (2) the incomplete or albumi 
variety, and (3) the blocking variety of Rh antibody. On the basis of thei: 
studies, Hill and Haberman*° already felt that there were three types of RI 
antibodies, namely (1) the classical agglutinin, (2) the **bloecking”’ antibody (as 
determined by Wiener’), and (3) the **eryptagglutinoid’* (as determined by thi 
developing test* ° or Coombs test °). The experiments reported in this paper, 
moreover, point to the likelihood that there is a fourth type of Rh antibody 
for the following reasons. Experiment TV of this paper reveals the rieh content 
of Coombs antibody in **globulin traction No. 8.°° This ‘globulin’ fraction 
No. 37° also contained an incomplete (albumin) Rh antibody with a titer of 256. 
However, following multiple washings of Rh-positive cells sensitized with this 
‘globulin fraction,’* no agglutination was demonstrable when the washed, 
sensitized cells were suspended in undiluted, normal, adult serum. Apparentl: 
washing had removed the incomplete (albumin) Rh antibody. Nevertheless, tli 
Coombs test carried out with washed Rh-positive cells sensitized with the ** glob 
ulin fraction No. 37° showed the presence of an Rh antibody with a titer ot 
at least 177,000. This observation strongly suggests, therefore, that we are 
dealing with a type of Rh antibody which neither agelutinates Rh-positive cells 
nor exhibits a blocking effect. Still the possibility cannot be overlooked entire 
that traces of incomplete (albumin) Rh antibodies, by themselves insufficient 
in strength to agglutinate the cells but sufficient to give a positive Coombs test, 
were still present and attached to the Rh-positive cells under investigation. 
However, the latter explanation is unlikely considering the difference in titer be 
tween the incomplete (albumin) Rh antibody on the one hand and the Coombs 
antibody on the other. 

There seems to be a reeiprocal relationship between the capacity of thi 
various types of Rh antibody to agelutinate Rh-positive cells and their ability 
to be removed by washing; that is to say, Rh antibodies which produce visible 
agglutination of Rh-positive cells can be removed more easily by washing pro 
cedures than Rh antibodies that sensitize Rh-positive cells without produ 
visible agglutination. Considerable differences in the speed and strength of 
the union between the various Rh antibodies and Rh antigen must exist. 


The so-called unitarian conception of antibody functions is adhered to }) 


the majority of immunologists at the present time. The well-known various 
manifestations of antigen-antibody reactions such as lysis, agglutination, pre 
cipitation, and so on, are explained by this concept on the basis of pliysivco- 


chemical differences of the anitgen rather than of the antibody, depen 
mainly upon the size of the antigen and the medium in which the anti 
antibody reaction occurs. Therefore, the same antibody that might prod iic 
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precipitation in one instance could cause agglutination or lysis of cells under 
different experimental conditions. The investigations reported in this series of 
communications are dealing with antibody functions of identical specificity 
directed against one antigen only, namely the D (or Rh,) antigen present in the 
same physicochemical state in red blood cells. Yet, antibodies directed against 
this antigen have been found to be associated with separate protein fractions 
of the antiserum and can be distinguished from each other by their avidity for 
this Rh antigen and by their reaction with it under various experimental con- 
ditions. It seems difficult to see how the findings reported ean contorm to the 
present unitarian concept of antigen-antibody reactions which appears to need 
some revision or amplification. 

Two theories present themselves in connection with the differences in the 
antibody funetions reported. The first theory would postulate the existence of 
three or four varieties of independent Rh antibodies which are sharply separated 
from each other both by the nature of their functions as well as by their asso- 
elation with different protein fractions of the serum. In contrast, the second 
theory might refuse to accept the existence of sharply separated antibody fune- 
tions and rather hold to the belief in a gradual change of one antibody function 
into another, assuming the existence of an Rh antibody spectrum of changing 
activity. 


CONCLUSIONS 


1. Prolonged dialysis of an anti-Rh serum (Ree) against measured amounts 
of distilled water for three eighteen-hour periods resulted in the preeipitation 
of globulins which were collected individually at the end of each eighteen-hour 
period. Three fractions obtained in this way were referred to as ‘‘ globulin 
tractions No, 1, No. 2, and No. 3°’ respectively. The clear supernatant fluid re- 
maining at the end of the third period of dialysis was called the *‘supernatant 
fraction. ”” 

2. ‘* Globulin fraction No 1°° revealed the presence of a complete (saline ) 


nti-Rh agelutinin which was not found in any other fraction. 
3. “*Globulin fractions No. 2 and No 3°" contained an Rh antibody of the 
mplete (albumin) variety. 
t. The ‘‘supernatant fraction,’” still containing Rh agelutinins of the 
‘complete (albumin) variety, exhibited a strong prozone phenomenon. 
The prozone phenomenon of the ‘‘supernatant fraction’’ is attributed 
the presence of a peculiar Rh antibody which inhibits agglutination of Rh- 


tive cells by both the complete (saline) and the incomplete (albumin) 
iety of Rh antibodies. It acts, therefore, as a true blocking antibody (third 
iety of Rh antibody). 

6. The presence of this Rh blocking antibody also could be demonstrated 
e untreated, native anti-Rh serum (Ree) by subjecting Rh-positive cells 
itized with this serum to thorough washing procedures which apparently 
‘ted in the removal of the incomplete (albumin) variety of Rh antibody. 
‘. Rh-positive cells sensitized with ‘‘globulin fraction No. 3°’ failed to 
v macroscopically visible agglutination after being washed thoroughly and 
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suspended in undiluted, normal, adult, human serum. This fraction contained 
only incomplete (albumin) Rh antibodies of low titer and was devoid of Rh 
blocking antibodies. Nevertheless, cells sensitized with it were strongly agelu 
tinated following the addition of antihuman serum rabbit serum (Coombs test 
suggesting the existence of a fourth variety of Rh antibody. 

S. The occurrence in one anti-Rh serum of certainly three and possibly 
four varieties of Rh antibodies of the same specificity, anti-D (Rh,), but of dit 
ferent functions is deseribed. They produce at the extremes of the spectrum 
of their activity either agglutination or blocking of Rh-positive cells with one 
variety standing in between which causes neither phenomenon, being demon 
strable only by means of the Coombs test. The possible significance of thes 
findings in relation to the validity of the present unitarian concept of antibod: 
functions is discussed. 
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METABOLISM, TOXICITY, AND MANNER OF ACTION OF GOLD 
COMPOUNDS IN THE TREATMENT OF ARTHRITIS 


VITIL Tur Errecr or BAL AND OtHER THIOL. COMPOUNDS IN PREVENTING THE 
INHIBITION OF OXYGEN CONSUMPTION OF Rat TISSUES 
PRODUCED BY GOLD SALTS 


Water D. Buock, Pu.D., Naomi C. Gets, M.S., AND 
WILLIAM D. Roptnson, M.D. 
ANN Arpor, MICH. 


OTH organic and inorganic gold compounds have been used for anv Vears 
B in the treatment of rheumatoid arthritis. The value of this form of treat- 
ment is subject to argument, and final appraisal on the basis of therapeutic trial 
apparently is difficult or impossible. The use of gold compounds in rheumatoid 
arthritis remains on an empiric basis, and even with carefully controlled ad- 
ministration, toxie reactions have been a limiting factor in their use. In order 
to place this form of treatment on a more rational basis, information regarding 
the manner by whieh gold salts produce their effeets in the body must be 
available. 

An intensive study of the metabolism and toxicity of the various gold com- 
pounds used has been made in this laboratory.'° It was found that when gold 
compounds are injected intramuscularly into white rats, the gold is deposited 
in various tissues of the body, primarily in the liver and kidney.2 The amount 
and site of deposition seem to depend on the physieal properties of the compound 
studied. Also, the severity of the histopathology in gold-treated animals is 
roughly proportional to the quantity of gold laid down in the tissue. 

We became interested in whether the respiration of these tissues, as meas- 

red by oxygen consumption, is influenced by the presence of gold and whether 
correlation exists between the concentration of gold in the tissue and its rate 
respiration. If sueh a relationship between deposition of gold and activity 
ihe enzyme systems in these tissues exists, it may provide an insight into the 
hanism of gold toxicity. Using the Warburg technique, it was found that 
oxvgen consumption of rat kidney and liver slices was inhibited in vitro by 
inorgamle compounds, gold ehloride and gold sodium thiouslfate. The or- 

«© compounds, sodium suecinimido-aurate, gold sodium thiomalate, and gold 

‘lucose did not cause inhibition. 

When 2, 3-dimereaptopropanol (BAL), developed during the war as an 
ve antidote against acute arsenieal poisoning, became available, it was 
to be effective also against other heavy metals, eadmium, mereury, zine, 

copper"? Furthermore, recent reports indieate the apparent clinical value 

\L in treating gold toxicity in human beings and suggest that its adminis- 

nn results in an augmented urinary exeretion of gold under these con- 
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It is now generally accepted that the toxicity of heavy metals, such as 
arsenie, is due to the inactivation of the sulfhydryl groups in enzyme proteins 
of the tissues. The action of the thiols is attributed to their effeetive competition 
for the heavy metal with the sulfhydryl groups in various body proteins. A) 
senie and gold are closely related chemically and it is reasonable to assume that 
their biochemical reactions are similar. It is suggested that the toxicity of gold 
is due to its combination with sulfhydryl groups in enzyme proteins, and thi 
sulfhydryl! (thiol) groups in BAL compete effectively for the gold combined i: 
the tissue protein, thus restoring the normal enzyme system. 

This study is concerned with the effeet of BAL and other thiol compounds 
on the respiration of tissues in vitro, and their possible effeet in preventing 1 
hibition of oxygen consumption produced by gold compounds. Obviously, on) 
those gold compounds observed to produce such inhibition in previous studies 
could be investigated. 

METHODS 


Measurements of oxygen consumption were made with the usual type of Warburg 
constant volume manometer. The carbon dioxide produced was absorbed by 0.3 ¢.c. ot 
per cent potassium hydroxide solution contained in the central well on pleated filter paper 
After introduction of the tissue slice, the manometer flasks were immersed in a water bat! 
at 88° C., flushed with pure warm oxygen (38° C.) for ten minutes, and shaken at a rate 
of 110 oscillations per minute. The suspending medium was a phosphate-buffered physio 
logic salt solution pH 7.4 containing 0.2 per cent glucose as deseribed by Krebs.18 The 
total volume of fluid in each flask was 2.5 cubie centimeters, 

The tissues were taken from healthy male and female white rats which had been 
a standard stock diet. The animals were killed by a blow on the head and the kidneys 
and/or liver were quickly removed, washed free of blood, and placed in the buffer soluti 
Slices of approximately equal size and thickness were made with a razor blade held against 
the lower side of a glass microscope slide. The sections then were placed in the mait 
chamber of the manometer flasks. At the conclusion of the experiment the slices wer 
removed and dried for twenty-four to forty-eight hours at 75° C, and oxygen consumpt 
was calculated per milligram of dry weight of tissue. 

The solutions to be tested were placed in the side arms at 12.5 times the final 
centration and tipped into the main chamber containing the tissues after a control per 
of forty-five minutes. In all cases the final gold concentration was M/500 with respect 
gold, since this had been shown to be the lowest concentration which would produce mia 
mal inhibition of oxygen consumption.6 The thiol compounds were added in concentrations 
to provide either one thiol or three thiol groups for one atom of gold. This was done since 
it is possible for gold to react either as a univalent or trivalent ion. The pH of « 
added solution was adjusted so that the final pH of the solution in the flasks after addit 
was 7.4. 

Each set of experiments included a control tissue slice, one to which gold was ad 
one with an added thiol compound, and one with both a gold and a thiol compound a 
Readings of the manometers were made at fifteen- and thirty-minute intervals, and 
continued from one hour and forty-five minutes to two hours and forty-five minutes : 
addition of solutions being tested. 

OBSERVATIONS 

The compounds studied are listed in Table I. The inorganic gold salts, gold 
chloride and gold sodium thiosulfate, were previously shown to have a marsed 
inhibitory effect on the oxvgen consumption of rat tissues.° Cystine and met) i0- 
nine were included since it was felt that they might be broken down to give « 
pounds with a thiol group. 
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TABLE I, COMPOUNDS STUDIED 


GOLD COMPOUNDS 


Au), « HCL -« 3HsO Na,Au(8.Q03).2 
Gold chloride Gold sodium thiosulfate 
(50 per cent gold) (37.4 per cent gold 


THIOL COMPOUNDS 


H 
COOH H—C—SH 
H—C—SH H—C—SH 
H—C—H H—C—OH 
COOH H 
Thiomalhe aeid 2,5-Dimereaptopropano 
(BAL)* 


NaSCH 


H 
HCOH 
H—C—SH | 
HOCH 
H—< NH O 
HCOH | 
COOH 
HC- 
Cysteine 
CH.OH 


Sodium thioglucoset 


POTENTIAL THIOL COMPOUNDS 


H 
H—C—H 
H H 
Ss 
H—( Ss—S ( H 
H—C—H 
H—< NH, H—< NH 
H—C—H 
COOH COOH 
H—C—NH, 
l-Cystine | 
COOH 


Methionine 


The BAL was obtained from Edgewood Arsenal, Md., through courtesy of the United 
rmy. 
lium thioglucose was furnished by the Schering Corporation, Bloomfield, N. J. 


Only the results with kidney slices are included in this report. Essentially 
me results were obtained with liver slices; however, since the oxygen con- 
tion of normal liver tissue is smaller than that of kidney tissue the absolute 
nees noted with the compounds studied are much smaller than those found 
kidney, 

gen consumption of rat kidney slices, as influenced in vitro by the gold 
inds alone, by thiol and di-thiol compounds alone, and by a combination 
‘h, is shown in Fig. 1 for gold sodium thiosulfate and Fig. 2 for gold 











M . . _M_ 3M. | 
BO AU + BOQ THIOMALIC ACID | e565 Au + Eoq THIOMALIC or | 
I-A 'B 
30 i 





OXYGEN CONSUMPTION (mm.3/mMG/ HR) 


10+ Oat ae 
es. Wve 
iio. 3 
. 
Ni 
.) 
5 a 


i 1 1 4 


i A | 4 if r= i in 4 1 4 i 4 1 ry 
' 


4 rt t rT 
15 30 45 eo 75 90 i290. ~—Ss«WI SSO ig@0 «(|S 30 45 eo 75 90 120 ISO 1g 
MINUTES MINUTES 


_M_ 3M 
et au +e SODIUM THIOGLUCOSE | 2% au +#MsoDIUM THIOGLUCOSE 











3-A 3-B 











OXYGEN CONSUMPTION (mM3/MG/HR) 
o 























re) 4 rl 4 1 1 4 4 1 1 rT ey 1 A 1 1 rn 4 1 an —- 
15 30 45 69 75 90 120 150 180 i5 30 45 60 75 90 120 150 180 
MINUTES MINUTES 
| 
Fig. 1.—Oxygen consumption of rat kidney slices, as influenced in vitro by gold s u r 
thiosulfate alone, by thiol and di-thiol compounds alone, and by a combination of each. | 
No compounds added. II ......, Gold sodium thiosulfate added. ITI , Thiol com} 1 
added. IV —.-—., Gold and thiol compounds added. The vertical arrow indicates time of ¢ 


tion of compound tested, 














GOLD CC 


YIMPOUNDS IN 


TREATMENT ( 


1 ARTHRITIS 1385 





aise 
500 
us 











M M 3M | 
Aut nog 23D IMERCAPTO PROPANOL 500°" + jg9g@aO IMERCAPTO PROPANOL : 
ae 
2A i: 4 2-B 

















” 
i 4 1 4 4 i 4 i 1 1 4 1 A 4 4 i 4 4 rT i 1 4 
i5 30 45 @9 75 9 120. «=: '50.—sstgo’sIS:-«- 30 45 @o 75 90 i290 ©6150 go 

MINUTES MINUTES 
“ = ~ 2M “ 
ms au + 4 2 -cysTine | Me au + 72M 4 -CYSTINE 
4-A 4-B 
; - 





1 








MINUTES 


i i i i i i i 
» 45 60 75 90 120 150180 


1530 45 


i 1 i L iL + 
60 75 90 j1290@6150— igo 
MINUTES 








Wig. 1. 


Continued. See 


legend on opposite page. 








1386 BLOCK, GEIB, AND ROBINSON 


chloride. Oxygen consumption is plotted on the vertical axis against time in 
minutes on the horizontal axis. The arrow at forty-five minutes indicates the 
time of additions to the flask. Each curve represents the average of SIX to eleht 
determinations. The control curve is shown hy the solid line, the gold Hy a 
dotted line, thiol compound by a broken line, and both compounds by a combi 
nation dot-dash line. On the left, in each pair of experiments, the chart shows 
the results obtained when one thiol group was provided per atom of gold; ot 
the right, the eurves represent results with three thiol groups per atom ot gold 

Gold Sodium Thiosulfate (Fig. 1).—The first pair of curves, 7-A and 1-B 
shows the effeet of thiomalie acid and gold sodium thiosulfate on oxygen con 
sumption of rat kidney slices. The control curves (1) in both sets of experiments 
show a gradual decline in respiration over the three-hour period. In the M/500 
concentration (/-A) thiomalie acid (IIL) produces an inhibition of respiration 
somewhat less than that produced by M500 gold (11). The addition of bot 
compounds simultaneously to normal tissue results in a respiration (IV) slightly 
higher than when gold alone is added (IL) but lower than with thiomalie acid 
alone (IIL). In the 3M/500 concentration (7-B) thiomalie aeid itself (111 
produces an inhibition of respiration greater than that caused by gold alone (11 
However, the simultaneous addition of both compounds results in a curve (LY 
which follows very closely that of gold alone (11), indicating that in this instance 
the inhibition of respiration is not the additive effect of the inhibition produced 
by each compound alone. 

The effeet of BAL (2.3-dimereaptopropanol) is shown in 2-4 and 2-b 
In both sets of experiments the control curves (1) show little decrease in respira 
tion over the whole period. In the M/1,000 concentration (2-4), where on 
thiol group is provided per atom of gold, the BAL alone (IIL) produces less 
inhibition of respiration than does gold alone (IL). The curve for the addition 
of both eompounds (IV) shows less inhibition than when gold alone is added 
(IL), but greater inhibition than that caused by the thiol compound alone (111 
In the 3M/1,000 (2-B) BAL itself (111) produces an inhibition comparable + 
that of gold alone (II); however, the rate at which respiration decreases is 
slower with BAL than with gold. Tissue respiration after the addition of bot 
gold and BAL (IV) is inhibited as compared with the control (1), but continues 
at a somewhat higher level than with either compound alone. Here again, | 
inhibitory effect of both compounds is not the sum of the effect of each alon 
and it is possible that there is a greater prevention of respiratory inhibitior 
caused by gold which is masked by the individual inhibitory action of eit! 
compound. 

The influence of sodium thioglucose and gold sodium thiosulfate is shi 
by the curves in 3-A and 3-B. In concentrations of M/500, equimolar \ 
respect to gold, the thiol compound (IIT) has no effect when compared \ 


control tissue respiration (I). Its addition together with gold results 
respiration curve (IV) which shows definite inhibition though it is less 
that produced by the addition of the gold salt (IIT). In the 3M/500 concet 


tration, sodium thioglucose produces no inhibition of oxygen consumption (111 
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when compared with the control respiration rate (1). However, the addition 
of both thiol and gold compounds results in a respiration curve (IV) whieh is 
significantly higher than that obtained when only gold is added (11). 

The last pair of curves, /-A and 7-B, Fig. 1, presents results obtained with 
|-cystine, a potential di-thiol compound. In both sets of experiments, cystine 
itself produces respiration curves (IIL) whieh are similar to the control eurves 

I). In the M/1,000 concentration, equimolar with respect to gold, eystine 
added simultaneously with gold (IV) produces an inhibition of respiration c¢om- 
parable with that caused by the gold salt alone (11). In the 83M/1,000 coneen- 
tration, the addition of eystine with gold (IV) results in an even lower respira- 
tion rate than that produced by gold alone (IT). Despite the fact that the pH 


f all solutions added was adjusted so that the pH of the reaction media was 7.4 
after additions to the main chamber, we found that the gold solution plus the 
3M /1,000 evstine resulted in a pil of over 8.0 at the conelusion of the experi- 
ment. This faet may account in these experiments for the observed respiratory 
inhibition which is greater than that caused by the gold salt alone. 

Methionine, not shown in the figure, gave essentially the same results as 
l-evstine. 

Gold Chloride (Fig. 2).—The in vitro effect of gold chloride and the various 
thiol compounds studied on the respiration of rat kidney slices is shown in Fig. 2. 
The first set of experiments, 7-A and 7-B, shows the influence of thiomahe acid. 
Alone, in M/500 concentration, this thiol compound has a depressant effeet on 
respiration as shown by curve IIL; however, when it is added with the gold salt, 
the respiration rate (IV) is somewhat higher than that produced by the gold 
alone (IT), though lower than with thiomalie acid alone (IIT). In the 3M/500 
concentration (1-B), thiomalie acid and the eold salt added simultaneously 
produce a respiration curve (IV) which shows definitely less inhibition of oxygen 


f 


umption than when either compound is added alone. There is, however, 
definite inhibition when this respiration rate is compared with the control (1). 

ssentially the same results were obtained with BAL and gold chloride, 
2-4 and 2-B, Fig. 2, as with thiomalie acid and gold chloride. In the 3M/1,000 


concentration (2-B), BAL shows a greater inhibition of respiration alone (IIT) 
tl in the M/1,000 concentration (IIT, 2-4), but its ability to prevent inhibi- 
tion is mueh more marked (1V, 2-B) at this concentration than at M/1,000 
III, 2-A). 

Hoth sodium thioglucose and |-eystine behave similarly, 5-A and 3-B, and 
i. d 4-B, respectively. Neither compound produces inhibition of itself (IIT). 
DF when added with the gold chloride in concentrations to provide one thiol 
g) per atom of gold, shows some prevention of inhibition (IV, 3-A and 7/-A). 
ly larger concentration, three thiol groups per atom of gold, each compound 
sho’. a greater prevention of inhibition (IV) than when only one thiol group 
Is ided per gold atom. 


ethionine and eysteine were also studied. Neither produced inhibition of 
OX) consumption by itself, nor was there any appreciable prevention of the 
inhi ion produced by gold chloride. 
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DISCUSSION 


With the exception of sodium thioglucose, none of the compounds contain 
ing a thiol or a potential thiol group definitely affeeted the inhibition in oxyge1 
consumption caused by gold sodium thiosulfate. Yet all compounds except 
methionine and eysteine were effective against gold chloride. This could hx 
most clearly demonstrated when three thiol groups were furnished for each 
atom of gold. However, both BAL and thiomalie acid produced an inhibitior 
of oxygen consumption, when added alone, which was not evident with the othe: 
thiol compounds studied. The simultaneous addition of either of these with 
the gold sodium thiosulfate did not result in an additive effect with respect to 
respiratory inhibition. When either of these two was added with gold chloride, 
there was definitely less inhibition than was produced by either the thiol com 
pound or the gold salt alone. 

It appears that under conditions of these experiments, there is a chemical! 
reaction in vitro between gold chloride and thiol groups to produce a compound 
which does not inhibit tissue respiration. The gold compounds theoretical! 
formed, for example, gold thiomalate and gold thioglucose, were shown not to 
inhibit oxygen consumption in previous studies.” Postulated compounds formed 
by the reaction of gold chloride and BAL or |-evstine would be expected to 
behave similarly. We have no explanation for the failure of cysteine and 
methionine to counteract inhibition. 

The results with gold sodium thiosulfate are not as clear cut, Because of 
the complicated chemical nature of this salt, it is difficult to postulate what 
compounds might be formed by the thiol derivatives. 

The ability of thiol groups to remove gold deposited in tissues has not been 
investigated by this study. The work here presented has shown the ability of 
thiol compounds to lessen the in vitro inhibition of oxygen consumption when 
the compounds are used simultaneously with certain gold salts. 

The implications of these studies with respect to the therapeutic uses of 
gold are not clear. Gold chloride is extremely toxie and has not been used in 
treating human beings. Yet it is the only salt which, under the conditions of 
this study, appears to be detoxified by various thiol groups. The inhibito 
action of gold sodium thiosulfate is prevented only by sodium thioglucose, and 
not by the other thiol groups studied; some detoxifying action by BAL and 
sodium thiomalate may be masked by the fact that these compounds per se inhi! 
oxygen consumption. 

The gold salts commonly used in the treatment of rheumatoid arthritis, 
gold sodium thiomalate and gold thioglucose, do not interfere in vitro Ww 
tissue respiration. Since in these two preparations the gold is bound to 1h 
organic moiety by a sulfur linkage, it is possible that the empirie development 
of therapeutic gold preparations has already taken advantage of the thiol 
toxifying mechanism. This interpretation eannot be proved by in vitro stud':s, 
since it is possible that gold salts are metabolized by a common pathway, rega’‘I- 
less of the form in which they are introduced into the body. Also, the fail: re 
of sodium suecinimido-aurate, which contains no sulfur, to interfere with tis: 1 
respiration® suggests that factors other than sulfur linkage may be import: 1 
in determining toxicity. 
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SUMMARY 


1. The in vitro inhibition of oxygen consumption of rat kidney slices ob- 
served with gold sodium thiosulfate is not lessened by the potential thiol com- 
pounds eystine and methionine, nor by BAL or thiomalie acid which contain 
thiol groups; however, sodium thioglucose does lessen the inhibition of oxygen 
consumption. The effects of BAL and thiomalie acid may be masked by the 
fact that these compounds, in themselves, produce inhibition of respiration, 

2. The in vitro inhibition of oxygen consumption of rat kidney slices 
caused by gold chloride is appreciably reduced by thiomalie acid, BAL, l-eystine, 
and sodium thioglucose, but not by methionine or cysteine, 

3. When three thiol groups are furnished for each atom of gold, the redue- 
tion of Inhibition is more clearly shown than when only one thiol group per 


atom of gold is present. 
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THE EFFECT OF PARA-AMINOBENZOIC ACID ON THE METABOLISM 
AND EXCRETION OF SALICYLATE 


ROBERT M. SauAssa, M.D.,* Jesse L. BoLLMAN, M.D.,7 AND 
THomMas J. Dry, M.D.4 
ROCHESTER, MINN, 


HE elevation of plasma salicylate levels, obtained by the ingestion of a fixed 
dose of salievlate, after the oral administration of para-aminobenzoie acid 
was reported in 1946 by Dry, Butt, and Scheifley.!. In view of the wide use of 
salievlates in medicine, further study in an effort to determine the mechanism 
by which oral administration of para-aminobenzoic acid inereases the plasma 


salievlate level seemed justified. 


METHOD AND EXPERIMENTAL PROCEDURE 


Para-aminobenzoie acid was determined in the blood and urine by the Bratton-Marshall? 
method and plasma salicylate was determined by the method of Brodie, Udenfriend, and 
Coburn.6 The salieyl fractions in the urine were determined by the method described by 
Smith and co-workers.4 9 Quick’s® method was used to determine the hippuric acid in the 
urine. The unbound or filtrable portion of the plasma salicylate was determined by the 
method deseribed by Lester, Lolli, and Greenberg.® 

All blood was drawn in heparin-moistened syringes and centrifuged, and the plasma 
was separated from the cells as soon as possible. Five healthy men between the ages of 26 
and 32 years and three normal, trained dogs were used in this study. 

The effects of oral administration of para-aminobenzoiec acid on the plasma salicylate 


levels and on the urinary excretion of salicylate, after oral administration of a single dose 


of sodium salicylate, were studied in both man and the dog. In the studies on man, the 

subject was given 3 Gm, of sodium salievlate at 8:00 a.m. and blood samples were drawn 

tervals over the next fifty-six hours. After the ingestion of salicylate, all urine passed 

the remainder of the study was collected and immediately refrigerated at 0° C, until 

salicyl fractions were determined. When para-aminobenzoic acid was used, its adminis 

tration was started eighteen hours before the ingestion of salicylate and 3.0 Gm, of para 

henzoie acid were given every three hours for the duration of the study. 

In similar studies on dogs the procedure was much the same. One gram of sodium 

ate Was given orally or 0.1 Gm. of sodium salicylate per kilogram of body weight was 

g1 utravenously and the animals were placed in a metabolism cage. Blood samples were 

it intervals over the next thirty hours. The urine was collected under toluene in four 

mples and refrigerated at 0° C. When para-aminobenzoic acid was used, its adminis- 

Was started eighteen hours before the administration of salicylate and 0.5 Gm, of 
nobenzoie acid was given orally every three hours for the duration of the study. 

In clearance studies on human subjects, two sixty-minute specimens of urine were col 

ud one blood sample was drawn at the middle of each collection period. The clearance 


lated for each period and the two values were averaged. The subjeet was given 3.0 


G sodium salieylate orally for the clearance test and when para-aminobenzoie acid was 
= vas given as deseribed previously. The pH of the urine was determined as soon as 
p on a Beckman pH meter and the specimen was then refrigerated at 0° C, 
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The oral hippurie acid liver function test was carried out in the manner described by 
Quick and commonly used in clinical medicine. As in the foregoing procedures, when par: 
aminobenzoic acid was used, its administration was started eighteen hours before the ingestio 
of sodum benzoate and it was given every three hours. When glycine was used, 20 Gm. wer 


given with breakfast and 20 Gm, with the sodium benzoate. 


RESULTS 

When three subjects of similar height and weight were given orally a singl 
3 Gm. dose of sodium salievlate, the plasma salicylate level reached its peak o 
18 to 22 mg. per 100 ¢.c. in two to four hours and then fell rapidly to 1 me. or 
less per 100 ce. in twenty-eight to thirty-two hours. Ilowever, when the pro 
cedure was repeated and para-aminobenzoic acid was also given, the plasma 
salicylate level again reached its peak in two to four hours but fell more slow], 
In one subject the plasma salicylate level dropped to 1 me. per 100 ¢.¢. in fort) 
eight hours, and in the other two subjects it was more than 3 mg. per 100 @.c. at 
fifty-six hours. Fig. 1 shows results obtained on Subject 4 plotted on arithmetic 
graph paper and Fig. 2 shows the same results plotted on semilogarithmie pape 
Oral administration of para-aminobenzoie acid appeared to cause the plasma 
salicylate levels to fall more slowly and to alter the form of the curve. 

Table I shows the salievl fractions found in the urine of Subject 4 in the 
foregoing study. In man, after oral administration of the single dose of saliev!- 
ate, there were the expected large quantities of salicvlurice acid present in the 
urine. However, when para-aminobenzoic acid was given with the salicylate, 
only very small quantities of salievluric acid were found in the urine in spite 
of collection of the urine for a period almost twice as long. The quantities of 
free salicylate and saliey! gluecuronate were comparable when the duration of 
the collection period was considered. There was no retention of salieyvlurie acid 
in the blood when it failed to appear in the urine, as the plasma salieylate was 
practically all in the form of free salicylate and only the usual traces of salicey! 


urie acid were present, 


TABLE I. THe SauicyL FRACTIONS RECOVERED FROM THE URINE OF SuBJECT 4 AND Dog 
IN THE SAME STUDIES ILLUSTRATED BY FIGS. 1 THROUGH 6 


| SALICYL FRACTIONS IN THE URINE (MG. ) 
COLLECTING } | | SALICYL | 

PERIOD SODIUM SALICYLURIC FREE GLUCI TOTA 

(HR. ) SALICYLATE ACID SALICYLATE RONATES SALICY 
Subject 4 34 Without PAB 1,364.36 319.43 298.78 1,982.5 
60 With PAB 71.50 819.39 610.61 1,501.5 
Dog 261 18 Without PAB $.54 185.46 203.95 393.9 
$8 With PAB () 198.0 264.0 1652. 


Four similar studies were done on two dogs; the salicylate was given ora 
twice and intravenously twice. The results on one dog are shown in Figs. 3. 4. 
5, and 6. Salieylate excretion was much slower in the dog than in man and wien 
para-aminobenzoie acid was given, the rate of exeretion of salievlate was 10! 
altered appreciably. 

In the deg the administration of para-aminobenzoie acid did not change © ie 
saliey] fractions appearing in the urine. Only traces of salicylurie acid \ 
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Fig. 1.—Salicylate concentration in the plasma of Subject 4 after administration of a 


single dose of 3 Gm. of sodium salicylate. Three grams of para-aminobenzoic acid were given 
every three hours throughout the experiment. 
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Fig. 2.—The same values as in Fig. 1 plotted on semilogarithmic paper. 


nt in the urine when salicylate alone was given. Table I shows the saliey] 
ions found in the urine of Dog 261 in the foregoing studies. 

Cable Il shows the renal clearance figures obtained on four human subjects. 
clearance values of salicylate without vara-aminobenzoie acid ranged from 
0 to 99.36 ¢.¢. of plasma cleared per minute, with an average of 70.29 cubic 
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centimeters. 
was given ranged from 22.76 to 32.41 ¢.¢. of plasma cleared per minute, with a 
average of 27.53 cubie centimeters. The renal clearance of salicylate apparent! 





Fig. 3.—Salicylate concentration in the plasma of Dog 261 after the oral administrat 
of 1 Gm. of sodium. salicylate One-half gram of para-aminobenzoic acid was given ¢ 


three hours throughout the study. 





4C 
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4 € 8 0 2 14 6 6 20 22 24 26 28 30 54 
Fig. 4 The values in Fig. 3 plotted on semilogarithmic paper 


was reduced approximately 60 per cent when para-aminobenzoie acid was ¢ 


However, in calculating these clearance values the urine was hydrolyzed 


the figure for the total salicylate present was used regardless of what s: 


The clearance values of salievlate when para-aminobenzoic aci: 








EFFECT OF PARA-AMINOBENZOIC ACID ON SALICYLATI 1397 


fractions were present. Since this clearance value is actually the resultant of 
all the clearance figures of the individual saliev! fractions appearing in the 


urine, not mueh information can be obtained from it. 





Hours 
Fig. 5.—Salicylate concentration in the plasma of Dog 261 after the intravenous ad- 
ministration of 0.1 Gm. of sodium salicylate per kilogram of body weight. One-half gram of 
para-aminobenzoie acid was given every three hours throughout the study. 
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Fig. 6.—The values of Fig. 5 plotted on semilogarithmic paper. 


lable IIL shows the results of another group of clearances in which the 


S tractions in the urine were determined. When para-aminobenzoie acid 
Wes given with the salicylate, again only traces or very small quantities of 
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TABLE 
OF 


It. DercREASE OF 
PARA-AMINOBENZOL 


SALASSA, 


THE RENAI 


BOLLMAN, 


CLEARANCE OF 
Acip IN MAN; CLEARANCES ARI 


AND DRY 


ToTAL SALICYLAT! 
GIVEN 


OF PLASMA CLEARED PER MINUTI 


AS CUBLE 


AFTER THE 
CENTIMETERS 


INGESTIO 


VOLUME OF POTAL SALICYLATE CLEARANCI PLASMA PAB 
URINE (€.C. (C.C, PER MIN, LEVELS (MG. 
SUBJECT PER MIN, ) NO PAB WITH PAB PER 100 €.¢. ) 
l 3.18 77.07 
L12 68.70 
2.70 31.94 [2.55 
1.80 32.41 13.23 
2 $.65 99.36 
1.24 73.57 
2.31 25.41 9.15 
1.26 02 8.25 
3 1.86 50.46 
1.56 01.97 
».60 22.16 11.14 
1.40 93.13 SD 
4 3.40 77.42 
1.40 63.75 
2.40 2S.40 10.2 
1.90 PQ 65 S.6 
Average 70.29 27.03 


salicylurie acid appeared in the urine. Since salicyluric acid has a higher rena 


clearance value than free salievlate and normally constitutes approximately 50) 
per cent of the total saliey] fractions exereted in the urine, the deficiency of this 
salicyl fraction caused a marked drop in the renal clearance of the total salicy! 
ate. At the same time clearance of the free salievlate fraction remained esse? 
tially unchanged unless the pH of the urine was also decreased. However, when 
enough sodium bicarbonate was given with the salievlate and para-aminobenzoic 
acid to produce a strongly alkaline urine, the clearance of the free salievlat: 
fraction increased enough to mask completely the effeet of the deficiency 01 


TABLE ILI. EFFECTS OF THE INGESTION PARA-AMINOBENZOIC ACID, GLYCINE, 


BICARBONATE ON THE EXCRETION AND CLEARANCE OF THE 


THI OF AND 


SODIUM 





glycine 


SALICYL FRACTIONS IN MAN 
RENAL CLEAR 
SALICYL FRACTIONS ANCE (C.C. OF 
VOLUMI IN THE URINE PLASMA 
OF (MG. IN ] HR.) PER MIN. 
URINE SALI FREE |SALICYL| TOTAI FREE rOTA 
(C.C. PH CYI SALI GLI SALI SALI SAI 
SUB PER OF URIC cyl CURON cyl Cw. cy 
JECT MIN. URIN} ACID \TE ATES ATI ATI Al 
] No PAB 1.8 6.8 72.46 30.0 32.61 135.07 17.68 79 
With PAB 2.27 6.4 8.5] 95.85 34.28 68.44 i244 32 
With PAB plus 240 i 5.12 147.19 30.38 152.69 61.08 i3 
elyeine 
2 No PAB 1.88 6.9 60.00 32.42 38.64 131.06 19.64 ig 
With PAB 1.60 6.85 16.94 $1.66 40.85 99.45 19.44 Hf 
With PAB plus 2.70 8.0 Trace 197.50 32.5 230.0 106.93 124 
sodium bicarbonate 
3 With PAB plus 1.20 7.85 12.4 159.36 33.5 205.26 92.96 119 
sodium biearbonate 
With sodium L735 FB Es 68.45 162.25 38.4 269.10 98.33 16. 
bicarbonate 
4 With PAB plus 2.07 7.6 5.0 114.80 50.65 170.45 62.62 9: 
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salicylurie acid on the total salievlate clearance. In an attempt to see if the 
quantity of available glycine was the limiting factor, glycine was given with the 
para-aminobenzoie acid and salicylate, but still only small quantities of salieyl]- 
uric acid were found in the urine. The urine was consistently alkaline when 
elycine was ingested and the exeretion of total salicvlate was high because of 
the inereased renal clearance of the free salievlate fraction. 


TABLE LV. DECREASE OF THE FORMATION OF Hippuric ACID IN MAN AFTER THE INGESTION OF 
PARA-AMINOBENZOIC ACID AS INDICATED BY THE ORAL Hippurte Acip LIvER FUNCTION TEST 


GRAMS OF HIPPURIC ACID EXCRETED IN THE URINE IN 
FOUR HOURS AFTER ADMINISTRATION OF 


6 GM, SODIUM 6 GM. SODIUM 6 GM. SODIUM 
DAY BENZOATI BEN ZOATI BENZOATE WITH 
SUBJECT (JUNE, 1947) WITH PAB WITHOUT PAB PAB PLUS GLYCINE 

l 25 0.398 

28 1.980 

30 0.650 
ys 25 0.542 

28 1.743 

30 0.400 

30 0.485 


In order to see if para-aminobenzoie acid was capable of interfering with 
the conjugation of glycine with benzoie acid or its derivatives, other than sali- 
evlic acid, the hippurie acid liver function test was used. Table IV shows that 


there was a great decrease of the formation of hippuric acid when para-amino- 


enzole acid was given, and the exogenous elveine did not eliminate this effect. 


COMMENT 


The results of this study substantiate the finding of Dry, Butt, and Scheifley 
hat the oral administration of para-aminobenzoie acid caused an elevation of the 
asma salievlate level in man. This elevation did not occur in the dog. The 
echanism responsible for this elevation of plasma salievlate level in man ap- 

ired to be an alteration of the detoxication of salicylate. 

According to the reports of Bertagnini,’ Tollens,* Quick,’ Salt,'° Kapp and 

urn,'? and Smith and co-workers,! man normally conjugates salicylic acid 
both elyveine and glucuronie acid, and the corresponding products, salieyl- 
acid and saliev] glucuronates, appear in the urine. Kapp and Coburn re- 

d that approximately SO per cent of the ingested salicylate was excreted in 

irine as compounds containing tle saliey] radicle and roughly 50 per cent 

his was salievluric acid. This conjugation probably occurs in the liver. 
k'® 1 has pointed out that the liver of the dog does not conjugate glycine 
henzoie acid and its derivatives to the same extent as the liver of man and 

animals, but does use glucuronie acid extensively in the conjugation of 
ie acid and orthohydroxybenzoie acid. 
Working with rabbits, Ellinger and Hensel'*:'° in 1914 first reported the 
tion of acetyl-para-aminobenzoie acid after the feeding of para-amino- 
ole acid. After this report, para-aminobenzoic acid was widely used in the 

of some of the mechanisms of detoxication in man as well as animals, and 
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the literature on the metabolism of the drug is extensive.'*** These reports 
indicate that, in man, para-aminobenzoie acid is conjugated with glycine and 
glucuronic acid and that the corresponding products appear in the urine in ad 
dition to acetyl-para-aminobenzoie acid. 

The findings in this study are in agreement with the foregoing observations 
in that only traces of salievlurie acid were found in the urine of the dogs afte: 
the administration of salievlate, while in man large quantities of salicylurie acid 
were exereted in the urine after the ingestion of salicylate. When para-amino 
henzoie acid was given to man with sodium salicylate, only traces or very small 
quantities of salievlurie acid appeared in the urine. Since there was no reten 
tion of salievluric acid in the blood when it failed to appear in the urine, its 
formation was apparently interrupted or markedly decreased. Although the 
principal mechanism by which para-aminobenzoiec acid inereased the plasma 
salicylate level and decreased total salicylate excretion appeared to be the inte 
ruption of salievlurie acid formation, para-aminobenzoic acid also tended to 
lower the pH of the urine and thus further decreased the total salievlate excre 
tion by decreasing the renal clearance of the free salicylate fraction. When the 
urine was made strongly alkaline by the administration of massive doses oi 
sodium bicarbonate, the clearance of the free sahevlate fraction inereased, as 
observed by Smith and co-workers,* and the effect of para-aminobenzoie acid was 
masked. 

Beeause of the fact that no relatively simple methods were available for 
determining the concentrations of the conjugated products of para-aminobenzoic 
acid in the urine or blood, no attempts were made to study the possible reeiprocai 
effects of salievlic acid on the detoxication or exeretion of para-aminobenzoie acid 


SUMMARY 
The oral administration of para-aminobenzoie acid appeared to have the fo! 
lowing effects on the metabolism and excretion of salicylate in man. First, 
altered the detoxication of salicylate by interrupting or greatly depressing 1 
conjugation of glycine with salicylate so that only very small quantities o 


he 
1 


salievluric acid appeared in the urine after ingestion of salicylate. Seeond, 
tended to lower the pH of the urine and thus decreased the renal clearance 0! 
the free salievlate fraction. Third, it caused a decrease of the urinary exeretio 
of total salievlate and a rise of the plasma salievylate level due to the foregoin 
effects. 

In dogs the administration ot para-aminobenzoie acid did not alter the e: 
eretion of salicylate and did not increase the plasma salicylate levels. 

The administration of para-aminobenzoie acid appeared to decrease great 
the formation of hippuric acid as measured by the oral hippuric acid liver fun: 
tion test in man. 

These effects were temporary and completely reversible. 
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USE OF PENICILLIN AND STREPTOMYCIN IN THE ISOLATION OF 
POLIOMYELITIS VIRUS FROM FECAL SPECIMENS 


‘ 


Beatrice F. Howrrr, M.A..* anp VollamMuir H. BarRNetT, B.S.* 
MONTGOMERY, ALA. 


N ORDER to help confirm the diagnosis of poliomyelitis that had been made in 

several epidemics during the past two vears, It was necessary to recover thi 
virus from fecal specimens. Melnick! has recommended methods of preparation 
by high-speed centrifugation, but because the instruments were not available, 
the etherization method of Paul and Trask? was used. Isolations of the virus 
were made in two epidemics but because so often the monkeys succumbed to peri 
tonitis after several intra-abdominal inoculations, another method was sought to 
reduce the bacterial content without loss of virus activity. 

It had been shown by various workers that the antibioties penicillin and 
streptomycin have little effect on the virulence of certain viruses, while on the 
other hand they greatly reduce the associated bacteria. Parker and Diefendor! 
reported that the viruses of vaccinia, St. Louis encephalitis, and of equine en 
cephalomyelitis were able to grow in the chicken embryo after addition of peni 
cillin. IFlorman, Weiss, and Council* had used streptomycin without any effect 
against influenza A virus; Hirst’ likewise found penicillin to be of use in the 
isolation of the latter virus, while Hodges® obtained marked reduction of bac 
teria after the simultaneous inoculation of penicillin, streptomyein, and fecal 
specimen into eggs. Bradley and co-workers’ employed penicillin to inhibit bac 
terial growth in the isolation of Neweastle disease virus from contaminated 
chicken tissues, while Beaudette, Bivins, and Miller® have recently advocated the 
use of a mixture of penicillin and streptomycin for the recovery of the latte: 
virus from chickens. Beeause the organisms were inhibited and yet none of the 
viruses used were particularly affeeted by these antibiotics, the following studies 
were undertaken with the virus of poliomyelitis. Before testing the antibiotics 
directly on fecal specimens, it seemed advisable to determine both what. effect 


rs 


penicillin and streptomycin might have on different dilutions of poliomyel 
virus and what might be the optimal concentrations for inhibiting bacte 
erowth. 

Experiment 1. To Determine the Effect of Streptomycin and Penicillin 
Different Dilutions of the MV Virus of Poliomyelitis —A 10 per cent aquecits 
suspension of monkey cord containing the MV+ monkey passage virus of polio 


myelitis was centrifugated at 6,000 revolutions per minute for thirty minutes it 


the angle centrifuge placed in the cold room. The supernatant fluid was diluted 
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TaBLE I. Errecrt OF PENICILLIN AND STREPTOMYCIN ON MV POLIOMYELITIS VIRUS ALONE AND 
ON A MIXTURE OF VIRUS AND BACTERIA 


EXPERI RHESUS MATERIAL ROUTE OF DILUTION 


MENT MONKEY |! INOCULATED INOCULATION OF VIRUS RESULTS 
l M-14S8S (MV virus and anti in. and Labd,. 1-10 Paralyzed 

bioties 

M-149 (MV virus and anti in. and icabd,. 1-100 Paralyzed 
bioties 

M-116 |MV virus and anti in. and iabd. 1-500 Paralyzed 
bioties 

M-147 |MV virus alone i.e. 1-10 Paralyzed 

2 M-121 |MV virus, fly sus in. and tabd, 1-10 Nosvmptoms, With 

pension, and anti stood challenge 
bioties dose of virus 

M-122 |MV virus, fly sus in. and teabd,. 1-100 Paralyzed 
pension, and anti 
bioties 

M-123 (MV virus, fly sus in. and abd, 1-1000 Paralyzed 
pension, and anti 
biotices 

M-124 |MV virus, flv sus in. and abd, 1-10,000 Nosvymptoms, With 
pension and anti stood challenge 
hbioties dose of virus 

M-150) |MV virus, fly sus i.e, 1-10 Paralyzed 
pension, and anti 
bioties 

M-151 |MV virus alone i.e, 1-10 Paralyzed 

M-137) |MV virus, normal im. and ip. 1-10 Paralyzed 
feces, and anti 
bioties 

M-13S) (MV virus, normal in. and 1.p. 1-100 No symptoms 
feces and anti 
bioties 

M-1539 (MV virus, normal im. and icp. 1- 1000 No symptoms. With 
feces, and anti stood challenge 
bioties dose of virus 

M-156 |MV_ virus, normal tor 1-10 Paralyzed 


feces, and anti 
bioties 


M-152 |MV virus alone i.e. 1-10 Paralyzed 


*i.n., Intranasal instillation, total of 15 ml.; iabd., intra-abdominal ineculation, tetal 
ml.; ic, intracerebral inoculation of 1 > milliliter. 


1-100 and 1:500, and 15 mil. of each dilution were frozen for future use. The 
bioties were then added to the remainder of the three dilutions (1:10, 1:100, 

4 1:500) in sueh a concentration that each contained 1,250 units of penicillin 
25 me. of streptomycin per milliliter. After remaining one-half hour at 
temperature, Rhesus monkeys were inoculated intra-abdominaliv with 16 
‘each treated dilution of virus and intranasally with 3 ml. of each that 
ned untreated. Daily injections were made until a total of 32 ml. of each 
rial was given by the first route and 15 ml. by the second. One milliliter 
e 10 per cent suspension of MV virus was given intracerebrally to a fourth 
ey as a control. All of the animals became completely paralyzed as shown 
ble I, Experiment 1. It was apparent that the antibiotics in these concen- 
ns did not reduce the potency of MV virus diluted at least 1:500. In faet 
sults were more effective than when this same lot of MV virus was titrated 
nikeys without either material. With intracerebral inoculations of 1 ml. of 
‘tenfold dilution from 10°? through 10°, only the monkey receiving the first 
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dilution became completely paralyzed. However, when given larger amounts |) 
the combined intranasal and intra-abdominal routes, both the animals receiving 
the 10? and the 10° dilutions showed typical paralysis. 

Experiment 2. To Determine the Effect of Penicillin and Streptomycin on 
a Mirture of MV Poliomyelitis Virus and Bacte ra Found in Flu S. To test the 
effect of the antibiotics on different virus concentrations in the presence of bac 
teria, tenfold dilutions of the MV strain were made in a suspension of flies that 
had been taken at the city dump. After centrifugation for thirty minutes at 
6,000 revolutions per minute, each dilution was treated with the same concen 
trations of the antibioties as used in Experiment 1. Likewise, Rhesus monkeys 
were inoculated with the same amounts of material given by the same routes as 
in Experiment 1. At the same time 1 ml. of the treated 1:10 suspension was 
inoculated into a monkey intracerebrally, while another animal was given 
similar dose of the untreated 1:10 virus by the same route. 

All but two of the monkeys became paralyzed as shown in Table I, Exper 
ment 2. These two probably had an inapparent infection because both withstood 
a paralyzing dose inoculated intracerebrally at a later date. Likewise, it was ot 
interest that the monkey (M-150) receiving an intracerebral injection of the 
treated fly material became typieally paralyzed without developing a brain 
abscess. 

Er pe riment 3. To Determine the i ftect of Penredllin and Stre plomycrin oil 
a Mirture of MV Virus and the Bacteria of a Normal Fecal Suspension.— \ 20 
per cent suspension of normal feces was made in sterile distilled water. Tentfold 
dilutions of MV virus were prepared in this material and after a light cen- 
trifugation a portion of each dilution was frozen for future use. The remaining 
dilutions were run in the angle centrifuge for thirty minutes at 13,000 revolu 
tions per minute. Sufficient of each dilution was prepared so that aliquot 
portions could be frozen and removed when needed. One-half hour betore tli 
inoculations a 16 ml. vial of each dilution, 10°, 10°, and 10°, was thawed and 
the antibiotics quickly were added in an amount so that each dilution of virus 
contained 1,250 units of penicillin and 25 me. of streptomycin. Rhesus monkeys 
were given five daily doses of 8 ml. of the untreated material intranasally and 
two daily doses of 16 ml. each of the treated dilutions intra-abdominally. One 
animal was injected with 1 ml. of the 1:10 treated material intracerebrally. 

As may be seen in Table I, Experiment 3, the virus diluted with feeal sus 
pension was not as potent as that with the fly material. No paralysis occurred 
hbevond the 1:10 dilution. The same lot of frozen virus was used in both exper 
ments. However, once again typical paralysis was produced by the intracere!iral 
route without any evidence of bacterial contamination. 

Experiment 4. Effects of the Antibiotics on Fecal Bacteria.—The follow ing 
experiments were made to determine the approximate optimal bacteriostatic con- 
centration of the antibiotics which could be used with a 20 per cent fecal sus 
pension. 

(1) Penicillin (crystalline sodium G) and streptomycin (ealeium ehlorid 
complex, Merek) were added to a 20 per cent normal feeal suspension in the «on 
centrations shown in Table IT. In one series the antibioties had little effect | pon 
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(2) Also, a comparison was made of the bacteriostatic effect of etherization 


with that of the antibiotics. A 20 per cent suspension of normal feces in sterile 
distilled water was centrifugated for ten minutes at 2,000 revolutions per minut: 
to throw down the coarse particles. The supernatant fluid was removed and 
run in the angle centrifuge for thirty minutes at 13,000 revolutions per minut: 
Cultures were made on blood agar and in thioglycolate broth. The material was 
divided and one part was treated with 15 per cent ether and the other with vary 
ing concentrations of the two antibiotics. The etherized portion was shaken for 
thirty minutes in the cold room and lett overnight; the ether was removed }) 
suction the next morning. Cultures were made in the media mentioned. 

As may be noted in Table III, the ether attenuated the development. ot 
aerobie bacteria on blood agar but did not reduce growth in the anaerobie liquid 
medium. On the other hand, organisms were inhibited on both types of media 
when practically all of the antibiotic concentrations were used. 

From the results both of titrations in monkeys and of the cultural tests, 
seemed evident that the use of penicillin and streptomycin would be advan 
tageous in the isolation of the poliomyelitis virus from feeal specimens. The 
optimal concentrations for bacterially infected material appeared to be 1,000 
units of penicillin and 20 me. of streptomyein per milliliter. These amounts 
retarded bacterial growth without reducing the virus potency. Therefore tli 
method seemed sufficiently reliable for use on human feeal material. 

Experiment 5. Use of the Antibiotics in the Pre paretion of HIuman Feces 
From Patients With Poliomyelitis. 

With Known Positive Feces—Betore trying this method on feces of un- 
known virus conten., material was prepared from a human stool that had yielded 
poliomyelitis virus by the etherization method. This specimen had been kept 
frozen in the dry ice refrigerator for at least two months. A 20 per cent suspen- 
sion in sterile distilled water was divided into two portions, one of whieh was 
treated with ether by the afore-mentioned method and the other with the anti- 
hioties essentially in the manner described under Experiment 3, exeept for the 
following differences. The dilutions were 1:5, 1:10, 1:50, and 1:100, and 1.000 
units of penicillin and 20 mg. of streptomycin were used per milliliter of dilu- 
tion. Cynomolevs monkeys were inoculated throughout the experiment. ‘The 
different dilutions o: feces treated by the two methods were inoculated into the 


animals intraabdominally. The untreated suspensions were given intranasally. 


TABLE IV. COMPARISON OF ViRUS ISOLATION METHODS IN CYNOMOLGUS MONKEYS US \ 
SUSPENSION OF POSITIVE POLIOMYELITIS FECES 


RESULTS 


AMOUNT AND 


ROUTE OF DILUTIONS OF POSITIVE POLIOMYELITIS FECES 
METHOD INOCULATION 1:5 1:10 1:50 1:1 
Etherization 30 mi. isabd, 0 Paralyzed 0 ( 
15 ml, i.n. 
Penicillin and | 30 ml, iabd. Paralyzed Paralyzed Paralyzed | 
streptomycin | 15 ml. i.n. 
Penicillin and 1 ml. Le. Paralyzed Paralyzed 0 


streptomycin 


Histopathologic sections on all paralyzed monkeys were positive for poliomyeli 
*j.abd., Intra-abdominal; i.n., intranasal: i.c., intracerebral. 
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A third series of monkeys was injected intracerebrally with 1 ml. amounts of 
each dilution of feces treated with the antibiotics. As shown in Table IV, only 
the monkey given the 1:10 dilution of feces became paralyzed after the etheriza- 
tion method, while the animals given all three dilutions (1:5, 1:10, and 1:50) de- 
veloped poliomyelitis after employing the antibiotic technique. No animals de- 
veloped peritonitis nor did any show evidence of a brain abscess when inoculated 
intracerebrally, It seemed apparent that better results were obtained in the 
isolation of the virus by the antibiotic method than by that of etherization. The 
former Was also simpler and quicker to prepare. 

With Feces From Patients with Suspected Poliomyelitis—Feeal specimens 
obtained during the first week of illness were received from eight patients with 
suspected poliomyelitis. Each sample was diluted in sufficient sterile distilled 
water to make a 20 per cent suspension, which was then centrifugated for ten 
minutes at 2,000 revolutions per minute to throw down the larger particles. The 
supernatant fluid was removed. About 15 ml. were saved and frozen in 3 ml. 
amounts to be used tor the daily intranasal instillations of Cynomolgus monkeys. 
The remainder of the material was put in the angle centrifuge for thirty minutes 
at 13,000 revolutions per minute in the cold room (9 to 10° C.). The super- 
natant fluid was then kept frozen in 10 ml. amounts until needed. 

Thirty minutes before the inoculations were to be made, 10 ml. of the sus- 
pension were thawed rapidly and treated with 1,000 units of buffered crystalline 
sodium penicillin G and 20 me. of streptomycin (ealeitum chloride complex, 
Merck) per milliliter. After leaving the mixture for thirty minutes at room 
temperature, cultures were made on blood agar and in thioglyeolate broth. <A 
monkey was then inoeulated intra-abdominally with 10 ml. of the treated mate- 
rial and intranasally with 3 ml. of the untreated feces. The same amounts were 
repeated daily over a five-day period until a total of 30 ml. was given into the 
peritoneal cavity and 15 ml. by the nasal route. 

four of the eight monkeys developed flaccid paralysis typical of polio- 


mivelitis within from six to eight days after the first injection. They were sac- 
rificed and suspensions of the cord were passed intracerebrally to monkeys, 
guinea pigs, and albino mice. The passage monkeys likewise developed symp- 


i poliomyelitis, but the other animals remained well. Histopathologic 


sections of the first passage monkey cord showed lesions of poliomyelitis. 
lhe results of these inoculations again indicated that the additions of peni- 
G and streptomycin in the quantities emploved is a satisfactory aid in the 
Is on of the virus of poliomyelitis from bacterially contaminated suspensions. 

DISCUSSION 

though the treating of feeal specimens with ether? in the isolation of the 
p elitis virus has vielded adequate results in determining the causative 
‘ in an outbreak of suspected poliomyelitis, there is always the risk of losing 
n s from peritonitis even if the bacterial counts seem negligible. If the 


eal route is omitted and one depends solely on the intranasal instillations, 
antity of material administered may not be sufficient unless the time 
is increased. Therefore it is gratifying to find that one ean satisfae- 
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torily add penicillin and streptomyein in the afore-mentioned amounts to fecal 
or other bacterially contaminated material suspected of containing the virus of 
poliomvelitis. 

In attempted isolation of this virus from feces obtained in an earlier out 
break, five out of twenty-two monkeys (22 per cent) died from peritonitis atte: 
intra-abdominal inoculation of etherized specimens. After inaugurating the 
antibiotic method, no animals developed peritonitis out of the twenty-five tested 
intra-abdominally, and none of the monkeys had a brain abscess after intra 
cerebral injection of treated material. In applying this method, however, it is 
essential that the penicillin and streptomycin should be added to the fecal sus 
pension after clarification in the angle centrifuge at 18,000 revolutions per min 
ute. The virus is not sedimented at that speed and this type of machine may be 
available in most virus laboratories that do not have an ultracentrifuge. This 
method greatly reduces the time of preparation because the antibiotics react 
quickly and it is not necessary to leave the mixture in contact for more than 
thirty minutes. 

As shown in the foregoing experiments (Tables T and IV), there is appar 
ently no loss of virus potency because it may be recovered even after dilution 
of a feeal specimen 1:50, whereas the results were negative with this dilution 
when the same sample was treated with ether. There is sufficient evidence to 
show, therefore, that 1,000 units of penicillin and 20 mg. of streptomycin per 
milliliter do not materially inhibit the recovery of the poliomyelitis virus from 
contaminated material even though in a comparatively low concentration. 

After this work was completed it was of interest to learn that Melnick® had 
heen adding these antibiotics to human feces processed in the ultracentrifuge 
and that Corria’® in Cuba also had been adding penicillin to feeal specimens with 
satisfactory results in the recovery of the poliomyelitis virus. 


SUMMARY 


It has been found that a mixture of 1,000 units of penicillin and 20 mg. of 


streptomycin per milliliter of material are the optimal concentrations to use for 


the inhibition of bacterial growth and the isolation of the virus of poliomyelitis 
from feeal specimens. 

A method of isolating the virus from contaminated material has been 
seribed which has proved to be quicker and more efficient than the older eth« 
zation procedure. 

Whereas previously five out of twenty-two (22.7 per cent) monkeys lad 


developed peritonitis after intra-abdominal inoculation by the ether method, 
none of the twenty-five animals was lost after treatment of the suspensions with 
the antibiotics, and the same material could be used effectively by the int 
cerebral route as well. 


The antibiotics did not prevent paralysis in monkeys when added to a 1 :( 
dilution of the MV strain, to a 1:1,000 dilution of MV virus and fly suspension, 
to a 1:10 dilution of MV virus and feces, or to a 1:50 dilution of a known } 


tive fecal specimen. 
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With the new method, the virus of poliomyelitis was isolated from four out 
of eight (50 per cent) human feees taken during a recent outbreak of polio- 
nvelitis. 
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THE EFFECT OF COMMERCIAL HEPARIN ON THE 
PLATELET COUNT 


E. Fipvar, B.A., M.D., ann L. B. JAQuEs, M.A., Px.D. 
SASKATOON, SASKATCHEWAN, CANADA 


 Cenaiomong and Robb! observed that when heparin was added to dog’s blood in 
vitro, it failed to preserve the blood platelets. This was in contrast to thi 
action of citrate which is presumed to preserve platelets because of its anticoagu 
lant properties. The platelet count was lowered sharply within five minutes and 
after twenty-four hours showed reductions of from 30 to 100 per cent. Since 
the effect of heparin increased with its concentration and since Copley and Rob) 
also found that intravenous injections depressed the platelet count, there was 
indication of a direct action rather than a simple failure to preserve the platelets 
from unfavorable conditions ex vivo. This observation is of Importance in con 
sidering the effect of heparin in the prevention of platelet thrombi. In the 
course of other studies on heparin, we have been able to confirm and extend thi 
observations of Copley and Robb, and in a personal communication from |) 
A. J. Quick we learn that our results on dogs agree in general with some receit 
findings at his laboratory.* 
METHODS 

Platelet counts were made from blood taken into Rees and Ecker’s formalin-« 
mixture recommended by Tocantins® and the technique of counting was in some cases modit 
by the use of 5 per cent urea solution as described by Fidlar and Waters? so that estin 


mnted 


of leucocytes could also be made in the same chamber in which the platelets were ¢ 
Agglutination was estimated by counting clumps of three or more separately and expressing 
as a percentage of the total platelet count. In studying the influence of heparin on platelets 
outside the body, the silicone technique was used as described by Jaques, Fidlar, Feldsted 
and Macdonald® in order to minimize the effect of foreign surfaces. Concentration of hep: 

is expressed in Connaught anticoagulant units. This is the activity of 1/100 mg, of the 


crystalline barium salt or 1/110 mg. of the sodium salt of beef heparin. 


RESULTS 


In a series of experiments designed to study the physiology of hepa 


various doses of the anticoagulant were injected into dogs. The effect of these 
injections on red cell, white cell, and platelet counts is shown in Table I. Atten 
tion is directed to the following points. 


(1) A fall in the platelet count occurred in all instances and in four reac ied 
a level of less than 10 per cent of the number before injection. 

(2) Fifty units per kilogram had as marked an effect in one animal as 1.000) 
units per kilogram had in another, suggesting either individual variability ov no 

From the Department of Physiology, University of Toronto, Toronto, Canada, : t 
Department of Physiology, University of Saskatchewan, Saskatoon. 

Received for publication, July 30, 1948. 

*See p. 1424. 

+All the heparin was supplied by the Connaught Medical Research Laboratories, T 
Ont., except one sample of Danish heparin obtained through the kindness of Dr. Tage 
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correlation between dosage and the extent of effeet, provided the dose was beyond 
some minimum and given ina single injection. 


9 
my 


Agelutination of the platelets appeared in all samples taken two and 
one-half minutes to more than one hour after injection, but clumping under ten 
percent was not regarded as significant, 

(4 


hut continuous injection would hold the eount down, although not at as low a 


After single injections the count would recover from the initial fall, 


level as followed the first injection. 

2) On the whole, the leueoeytes declined and returned parallel with the 
platelets after single injections but remained at a lower level with continuous 
injection, 


TABLE I.) CELL Counts AFTER INTRAVENOUS INJECTION OF HEPARIN IN THE DoG 


PLATELETS/C.MM. 
AGGLUTI- 


EXPERI HEPARIN R.B.C./C.MM. |W.B.C./C.MM. NATION 

MENT UNITS/KG. ) TIMI < 1,000 < 1,000 < 1,000 (%) 
29 500 Jefore 5.O8S 12.1 195 0 
3 min. 94 12.2 39 56 
500 sefore 1,763 4.4 336 0 
24 min. $956 8.0) 143 59 
15 min. 4.78] 2.6 14S 12 
5 500 Before 5,206 8.9 516 0) 
15 min. o.2ke 6.6 209 10 
24 100 sJefore 3,794 10.0 2995 1 
5 main. 5.781 5.2 2) 24 
37 min. 5,981 9,1 228 5 
95 1500 Before 5,369 8.5 $4] 0 
34% min. 5,368 1.8 15 27 
60 min. 6.013 3.8 115 $2 
() 50 Before 4.225 9.7 G5 0 
Then by $ min. 2.100 3.9 21 67 
cont. inj.” SQ) min. $231 321 107 60 
7 50 Before 6,506 Q.8 397 () 
Then by + min. 6,344 3.8 39 {8 
eont. inj.” 65 min. 5,675 3.8 23. 27 
107 min. 6,88] 14.0 203 2] 
17%, hr. 6,400 25.0 19] 0 

after 

cont. inj. 

ceased 
} 30 Before 6,500 10.1 256 0) 
tf min, 6,256 12.5 178 32 
30> min. 6,094 13.0 298 2 
1A 1,000 u./kg. Before $,500 a) (0) 
injected 2 min. 4,500 50 0 
in 1 see, 5) min. 1,700 50 2() 
10 min. 4,500 50 50 
60 min. 4,600 85 0 
1,000 u./ke. Before 5,400 120 0 
injected 3 min. 5,000 30 0 
in 1 see, 10> min. 5,000 135 0 
60 min. 5,400 130 0 
1000 u./ke. Before 5.000 142.5 0 
injected 2 min. 4,800 50 0 
in ] min. 5) min, 5,000 55 0 
10 min. 5,100 60 0 
30° min, 4,500 85 0 
60 min. 5,100 120 0 


mtinuous injection of 1 unit per kilogram per minute. 
the first eight experiments platelet counts were made in the 1/10 dilution with urea. 
the last three experiments platelet counts were made in the 1/100 dilution. 
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Fig. 1. 


The effects of continuous injection suggested that as long as heparin 
mained in the blood stream the counts would remain depressed. This was gi) 
further investigation in an experiment shown in Fig. 1 in which heparin © 
centration in the blood was determined by the method of Jaques, Monkhot 
and Stewart.” Four milligrams per kilogram of heparin were injected int 
venously into a dog weighing 6.7 kilograms under pentobarbital anesthesia. C 
ting times were determined by the method of Lee and White,’ using blood frei 
the exposed femoral vein. After injection of the heparin the platelet count {!! 
to one-third of the initial value and then rose again, moving inversely with | 
heparin in the blood. It will be noted, however, that when the platelets re 
ered to 80 per cent of the original count, there was still enough heparin pres 
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TABLE IT. Errect or INJECTED HEPARIN ON THE PLATELET CoUNT IN L. B. J. 


HEP. RIN TIME FROM R.B.C./C.MM. PLATELETS/C.MM. 
LOT 1123) INJECTION ~« 1.000 1.000 

1) units ke Before 95D 
intravenously 1 see, 190 
7 min. 155 
30 min. 25D 
1) units/ke. Before 5.000 1S0 
subcutaneously Oo min, 5,250 1O0 
1 hr. 1900 120 
21% hr. 1.900 \) 
> lr. 5.000 110 
23) hr. 5,050 150 
Ho hr. 1959 IS5 


Counts made in the 1/100 dilution, 


to prolong the clotting time to more than five hours. This extension of the anti- 
coagulant action bevond the effect upon platelets will be discussed later. 

Table II shows the effeet of heparin upon one of us (L. B. J.) when admin- 
istered both intravenously and subeutaneously. The latter route merely delayed 
and prolonged the thrombocytopenia. 

Copley and Robb! showed that when mixtures of heparin and blood were 
stored in vitro, the greater part of the fall in the platelet count took place in the 
first forty or fifty minutes when compared with counts obtained at forty-eight 
hours. In the hope of securing further information we made observations on 
blood handled by means of the silicone technique. Under proper conditions and 
without the addition of any anticoagulant, it is sometimes possible by this method 
to obtain blood in which the platelet count remains practically unaltered for 
thirty minutes. Blood removed with a silicone syringe was transferred to small 
beakers coated with silicone and containing varying quantities of heparin. Since 
the controls with saline alone could not be used bevond thirty minutes, controls 
in citrate were used in some instances. For storage the mixture was poured into 
a silicone test tube, stoppered, and placed in the refrigerator. In a few experi- 
ments, as a further control, blood was also placed in a beaker without a silicone 
surface. 

TABLE ILE, BLoop AND Hepankin MIXED IN SILICONE VESSELS 


PLATELET COUNTS IN FIRST SAMPLE AFTER MIXING 


CONTROL MIXTURE HEPARIN MIXTURE 
PLATELETS/C.MM. 

UBJECT x 1,000 UNIT/C.C. 

Man Saline 29) 140 10 
Saline 190 125 10 
Saline 135 120 100 

og Citrate 312 9) 0.1 
Citrate 312 319 1.0 
Citrate 312 218 10 
Citrate oie pe be 100 
Citrate 310 284 10 
Citrate 310 294 100 
Citrate 306 256 10 
Citrate 306 2°61 100 
Tyrode's Q4 266 100 
Saline 120 65 10 
Saline 115 55 10 
Saline 195 160 10 
Saline 100 80) 10 
Saline 185 120 10 


Saline 140 90 10 
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Table III gives a summary of samples taken as soon as possible after mix 


ture in silicone vessels. The time of sampling would vary from a few second 


to about three minutes depending upon the manipulations required in differen 
experiments. In only three of the fifteen examples did the count of the hepari 
mixture correspond with that of the control mixture within the error of th: 
method, and in two of these it was lower than the value for the control. This 


demonstrates the promptness of the heparin’s effect. 


EFFECT ON THE PLATELET COUNT OF MIXING HEPARIN AND BLOOD IN 


SILICONE VESSELS 


TABLE LV. 


BLOOD IN SILICONE VESSELS 


HEPARIN AND HUMAN 


EXPERIMENT A EXPERIMENT B EXPERIMENT ¢ 





HEPARIN (10 U./C.C. ) HEPARIN (10 U./C.C. SALINI HEPARIN (100 U./C.c. 
TIME OF PLATELETS TIME OF PLATELETS PLATELETS IME OF PLATELET! 
SAMPLE 1000 $ SAMPLE 1,000 1,000 SAMPLE 1.000 
Immed. 125 ( 4%)* Immed. 140 220 Immed. 120 
3 min. 105 ( 5%) 3 min. 100 995 7 min. 70 
10 min. 120 (18%) 7 min, 60 165 15 min. 7) 
16 min. 80 (12% 15 min. 85 955 24 hr. 50 (30% 
23 hr. 110 (22%) 30 min. 85 130 tS Hr. 70 
24 hr. 70 Clotted 
HEPARIN AND CANINE BLOOD IN SILICONE AND PLAIN GLASS VESSELS 
SILICONE SILICONE SILICONE SILICON SILICON PLAIN GLA 
HEPARIN HEPARIN HEPARIN HEPARIN CITRATI HEPARIN 
(0.8 0./C.C..) 1(0.1 U./C.c. ) 10 U./C.C. ) 100 U./c.c. CONTRO! (10 0./ce. 
TIME OF PLATELETS PLATELETS PLATELETS PLATELETS PLATELETS PLATELI 
SAMPLE 1,000 1.000 1,000 1.000 1.000 1.000 
Crperiment D 
Immed., 220 319 218 ( 3%) 232 ( 2%) 312 276 ( 7 
9% min. 192 (15%) 249 (21%) 204 (38%) 190 (16%) 325 ( 5%) 2389 (51 
30 min. 225 (11%) 826 (51%) 150 (80%) 146 (76%) 184 ( 4%) 81 (69 
2% hr. 7 (42%) 198 (39%) 97 (54%) 59 (84%) 231 (24% 170 (666 
24 hr. Clotted 62 ( 9%) 152 (30%) 99 (57%) 96 (12%) 122 (25% 
{8 hr. Clotted 189 (19%) 122 (62% 205 ( 5% 143 (149% 
72 hr. 210 (14%) 200 (41% 221 137 (28° 
1 wk. 108 (14%) 87 (29%) s04 150 (34% 
carpe riment i 
Immed. 284 294 10 P59 
10 min. 191 (74% 103 (85% 210 (26%) 22 (619 
30 min. 129 (67%) 55 (80%) 178 (51%) 149 (73 
3 mr. 128 (51%) 93 (838% 174 (46% 133 (6 
24 hr. 27 (27%) fo (27% 200 (24% $4 (28 
48 hr. 60 (12%) 104 (32%) 187 (24% 101 (17 
72 hr. $1 (17%) 95 (17% 193 (18% 68 (21 
crperiment F 
Immed. 256 (77%) 261 (71%) 525 ( 3%) 295 (67 
12 min. 109 (93%) 250 (938%) G6 (20%) 101 (9 
33 min. 126 (85%) 109 (91%) 239 (25% 215 (88 
3 ihr. 159 (43%) 199 (86% 995 ( 8%) 259 (dl 
24 hr. 219 (40%) 195 (37%) 279 ( 4%) 180 (2 


Bape riment G (Saline in Plae 


Cd 


of Citrate 


Control) 


Immed. 65 ( 4%) 120 

3 min. 10) 100 

7 min. 45 (338%) 110 

15 min. 120 (88%) Clotted 
30 min. 130 (77%) 


Experiment H (Tyrode’s Solution in Place of Citrate Control) 
Immed. 266 DO 4 
6 min. 299 (49%) 195 
23 min. 108 (75%) 
*Percentages in brackets are agglutination. 
In Experiments A, B, C, and G platelet counts were made in the 1/100 dilution. 


In Experiments D, FE, 


F, 


and H platelet counts were made in the 1 


10 dilution 


with 
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Table IV gives the results obtained in later samples and attention is directed 


to the following points. 


(1) The decline initiated at mixing was continued to a low point depending 
on the time of sampling but varying from three minutes to twenty-four hours. 

(2) In some instances a recovery occurred from this low point which could 
hardly be accounted for on the basis of irregular sampling. 

3) Citrate controls observed for twenty-four hours or more in three experi- 
ments showed a similar decline and recovery but less marked. Even a contro] in 
saline would sometimes show this within the half hour, although the red and 
white cell counts were within the error of the method. 

(4) As in the experiments in vivo there appeared to be an individual vari- 
ability. 


These findings raise several points of interest which will be discussed later. 





TABLE V. PLATELET COUNTS AFTER HEPARIN IN VIVO AND WHEN HEPARINIZED BLoop Is 
ADDED TO FRESH HEPARIN (10 UNITS/C.C.) IN SLLICONE VESSELS 
TIME AFTER SALINI IN SILICONE AGGLUTI 
MIXING CONTROL VESSEL NATION 
Experiment 16-2 
Count in silicone 
Sample for silicone 115.000 55,000 
min. 65,000 
7 min, 25,000 
15 min. 85,000 
30 min. 50,000 
Heparin injected intravenously 1,000 units/kg. Count in vivo 
120,000 
3 min, 30,000 
() min. 115,000 
G0 min. 130,000 
Sample for silicone Count in silicone 
135,000 135,000 
min, 130,000 135,000 5% 
min, 125,000 80,000 
min, 135,000 95,000 
min, 100,000 115,000 s0% 
Erpe riment 16-5 
Sample for silicone Count in silicone 
195,000 160,000 
min. 80,000 
nin, 55,000 
min, 120,000 
H n injected intravenously 10 units/c.c. of Llood Count in vivo 
P92) OOD 
nin. 59,000 
lin, 195,000 
tH i injected intravenously 
185,000 10% 
min, 60,000 25% 
mam, ; : 150,000 13% 
: | Injected intravenously 10 units/c.c. 15 min. later 
150,000 
in, 90,000 
mm, 140,000 
Sample for silicone Count in silicone 
150,000 150,000 
nin, 120,000 90,000 
nin. 150,000 80,000 ISG 
In, 150,000 85,000 


telet counts made 


in the 1/100 dilution. 
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As a further test of the effect of heparin on platelets, a comparison was 
made of the counts in vivo with counts on the same blood er vive. Using t! 
silicone technique, blood from a dog was added to heparin in a beaker and then 
heparin was injected into the same animal to bring the coneentration in the 
circulating blood to approximately that in the beaker. An hour later another 
sample of blood was withdrawn and added to heparin in a silicone beaker. The 
results for two experiments are shown in Table V. Here it will be noted that 

(1) The reduction that oceurred immediately after mixing the first sample 
in the silicone vessel continued to a low point at seven minutes and reached ; 
level approximating that found three minutes after injection into the animal 

(2) Blood drawn from the heparinized animal did not show the usual re 
duction in platelets immediately after mixing with fresh heparin in the beaker, 

(3) In the second experiment three successive injections were each followed 
by a sharp decline in the platelets although at the time of the last two injections 
the blood was inecoagulable. 

(4) The counts in the second animal at the time of each injection were at 
successively lower levels and declined less with each successive injection. 

Platelet counts were made by one of us (FE. F.) in connection with experi 
ments on heparin at Toronto in 1988-1941.) On one occasion samples of blood 
which were taken into heparin instead of formalin-citrate gave unexpected 
low counts together with clumping. As a consequence, this technique was never 
repeated. On the other hand, there were experiments in which samples of blood 
which had been taken ten or fifteen minutes after injections of heparin showed 
no significant drop, although in the light of present experience some reduction 
would have been expected. These facts, together with some differences between 
our results and those ot Wrieht.® to be discussed later, raised the question Ol 
differences in samples of heparin and the possibility of an impurity in the com- 
mereial product we were using. No evidence of the latter possibility was found 
in fractional precipitation with brueine. There was no concentration of the ag 
glutinating activity in any one fraction. After discussing the earlier experiences 
with Dr. A. M. Fisher* and Dr. A. F. Charles,* they very kindly provided cer- 
tain experimental lots for comparison with the commercial product. Also 
through the kind cooperation of Dr. Tage Astrup a sample of Heparin Leo was 
obtained in powder form and was compared with a similar product from Dr. 
Charles. The results of this study are contained in Table VI. 

Heparin I, the commercial sample, was already in solution in 10 ¢.e, vials 
with 0.5 per cent tricresol as preservative. Samples Il to VI were experimental 
lots, but IT differed from IIT only by the absence of tricresol. Samples VIT and 
VIIT were freshly dissolved in 0.9 per cent saline with 0.3 per cent tricreso! and 
were used within an hour after solution. Sample VIT assayed 110 units per 
milligram and sample VIII, the Heparin Leo, 100 units per milligram. All 
samples were given intravenously to dogs under Nembutal in a dose of 100 Units 
per kilogram, and platelet counts were made before injection and at approXl- 
mately four, ten, thirty, and sixty minutes afterwards. The figures are adjusted 
to the same basis relative to the erythrocytes. The following features are ap 
parent in Table VI. 


*Connaught Laboratories 
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1) One animal, C, was distinetly more sensitive than the other three. 
2) With one exception, the maximum agglutination coincided with the 
owest count. 

3) With one exception, the lowest count was obtained in the first sample 


after injection. 


‘“apLE VI. PLATELET AND LEUCOCYTE COUNTS WiTH DIFFERENT SAMPLES OF HEPARIN GIVEN 
INTRAVENOUSLY TO DOGS 


ANIMAL A ANIMAL B ANIMAL (¢ ANIMAL D 
SAM PLATELETS PLATELETS PLATELETS PLATELETS 
PLI AGGLI AGGLI AGGLI AGGLI 
O} rINA rINA PINA rINA- 
HI TION W B.C. TION W .b.C. TION W.B.C. TION W.B.C. 
PARIN 1.000 % ) x 1,000}x 1,000 (Y x 1000)x 1,000 (%) x 1,000)x 1,000 % ) < 1,000 
I 334 0 tot 279 0 11.1 261 () 9.8 252 0 5:3 
29 67 LoS 5 77 sad oe, sv) i Par | 20 55 | 
D9 D4 6.9 14 DD 6.604 21 oo 5.6 62 63 3.6 
274 12 6.2 P6O 27 8.8 140 DO 7.0 175 25 5.6 
348 () 5.4 273 2 8.0 26S 12 6.7 249 5 5 3 
Ir | Qe 5 0.5 236 11.6 = 
19] 23 1O.8(b 105 29 13.2 
204 2 S.3 195 | 13.0( 
IGS 0) 10.3 ~ 06 () 12.8 
27 ) S.0 399 » 12.7 
LI] 225 | 10.6 230 S 9.7 
186 19 10.5 133 2G 9.3 
253 | 10.5 16 3 9.0 
4 () YO 201 ps 9.8 
965 0) 9] 207 0) 10.9 
[\ 949 5 8.5 230 5 10.5 
17] 16 9.55 115 16 9.4 
3 9.6 206 24 9.1(d 
2 TA 248 () 7.4 
yaa | 54 6.1 229 () 6.2 (« 
\ S7 7.4 208 6 10.40 : 
) > 9.5 Ss 54 10.8 
‘ } 6.7 137 2] Lio 
2 6.3 258 () 12.3 
S S 6.1 236 0 US 
VI 4 7 234 0 (10.6 
‘ 13 7.9 126 oS 12.5 
0 Q7 186 l 11.0 
0 6.3 YOY 0) 8) 
0) 1.5 -14 0) be 
Vil D4| () 104 362 0 12.8 
17 29 11.4 190 $9) 11.3 
17 10.7 276 S 9.] 
287 l Bar 34 2 |B By 
314 () 12.2 362 0) 9.4 
VIII YOd 0) 8.4 349 0 12.4 
12 0) 9] S6 63 13.2 
19 1S 9.1 260 14 10.8 
P44 1 10.7 360 0) rhe 
300 () a 390 l 8.4 
aire iples taken before injection and at four, ten, thirty, and sixty minutes after except as 


utes: 3 eleven and one-half minutes: (b), at three and one-half minutes; (c), at eleven min- 
; xteen and one-half minutes: (e), at sixty-two and one-half minutes; (f), at thirty and 


‘ ited J in formalin-citrate. This 1:5 mixture diluted 149 with 5 per cent urea solution for 


sage 100 units per kilogram. 
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(4) The sharpest reaction occurred with the commercial sample of hepari: 
and was accompanied by a definite leucopenia. 

(5) Some experimental products given in the same dosage of anticoagulant 
units as the commercial one had much less effect upon platelets. 


DISCUSSION 

These results agree with those of Copley and Robb? that the injection of com 
mereial heparin into dogs will cause a transient thrombocytopenia. This result 
also has been found in man, as one of the authors (lL. B. J.) demonstrated upon 
himself. Copley’ has found platelet emboli in the rabbit and hamster following 
injection of heparin. Hence the phenomenon appears to be a general one, al 
though in mice Copley and Robb? did not demonstrate the platelet change as 
clearly as in dogs. In the latter they found the maximum thrombocytopenia to 
be about 40 per cent, whereas in seven of our dogs the decrease reached 90 per 
cent or more. This may be due to the fact that their samples were not taken 
until twenty-six or more minutes after injection, although in three of their ani- 
mals studied at shorter intervals the lowest platelet count occurred in the first 
twenty minutes. 

The lowest counts in our experiments appeared within three and one-half to 
five minutes after intravenous injection. A slow rate of injection, 1,000 units 
per kilogram per minute, was practically as effective as a rapid rate, 1,000 units 
per kilogram per second. In the human subject, subcutaneous administration 
appeared to delay and prolong the effeet of heparin but not to abolish it. Con- 
tinuous injection at 1 unit per kilogram per minute held the platelet count down, 
though not at the low point reached by a single injection. During the period 
when the blood was incoagulable from one injection of heparin, a second injec- 
tion would again depress the count. In the first experiment, in Table V, the dose 
of 1,000 units per kilogram would prolong the clotting time to about eight hours, 
but the count in this animal returned to normal in one hour. Compared with 
the experiment shown in Fig. 1, the return of the count was more rapid in spite 
of the larger dose. This is another example of the individual variability en- 
countered among dogs, but both instances favour the idea that some substance 
may render the heparin innocuous to platelets without inhibiting the anticoagu- 
lant power, or that the agglutinating action is a weaker property. It is interest- 


to fresh heparin in the silicone beaker did not show the immediate drop in plate- 


( 
ing that the heparinized blood, drawn from the animal in Table V, when adde 


lets commonly found with normal blood. This might mean greater resistance 
acquired by the platelet or perhaps the disappearance of sensitive platelets due 
to the injected heparin. 

On the question whether the extent of the decline in vivo depends upon 
dosage, our data do not suggest any correlation. In Table I it will be seen ‘hat 
there was practically no difference in the extent of response to 50 units per j:lo- 
gram in one animal and 1,500 units per kilogram in another, although in the 
latter instance there is evidence of a more prolonged effect if compared with the 
preceding experiment where 100 units per kilogram were used. In both Co) ley 
and Robb’s? results and our own the differences point to individual variabi! ty. 
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In vitro, however, where the same sample of blood can be used with varying 
doses, Copley and Robb! showed that in strengths from 0.05 to 100 units per 
cubic centimeter the platelet count decreased as the heparin increased. Also 
they noted that this effect of heparin did not appear when it was added to 
citrated blood. 


The mechanism of the swift disappearance and return of the platelets from 
the general circulation is not clear. The appearance of clumps of platelets in 
blood samples taken soon after the injection suggests that a filtering out of 
clumps in the capillaries is the cause of the sharp fall in vivo. But actual lysis 
may also be a possibility, and the increase in adhesiveness leading to agglutina- 
tion may be merely an early stage of lysis. Wright® in her study of adhesive- 
ness noted only about a 10 per cent decline in the count in eighty minutes when 
using heparin with blood in paraffined tubes. It is admitted that our method 
of estimating agglutination is only a rough approximation, but if the data of 
Experiments D, EK, and I, Table IV, are examined it will be noted that the maxi- 
mum agglutination occurred in the ten- or thirty-minute samples. Where the 
heparin used was 10 units per cubie centimeter or more, considering samples 
only up to three hours, the maximum agglutination either coincided with the 
lowest count or appeared in the sample immediately preceding it. All samples 
of twenty-four hours or later showed a decline in agglutination from the maxi- 
mum. This corresponded with a rising tendeney in the counts in two of the 
blood specimens (Experiments D and EF), though in Experiment E the counts 
tended to remain low. This inclines us to the opinion that clumps can break up 
again, especially in the Hving animal where there may be some factor tending to 
neutralize the heparin effect as suggested in Table V. On the other hand, we 
have observed in late samples large clumps in which it was impossible to count 
individual platelets and which gave the suggestion of coalescence as though un- 
dergoing a slow form of lysis. 

Lysis is also suggested in the mixtures in silicone because samples taken 
simultaneously from the center, bottom, and side of the beaker gave counts which 
vere all within experimental error. For example, in one experiment the count 
trom the center of the beaker was 100,000 from saline, 80,000 after three min- 
utes in heparin, and 45,000 after thirty minutes in heparin. Other samples 
taken at the same time from side and bottom were within plus-minus 5,000 per 
cubic millimeter. If the decrease in the count were due to settling of clumps or 
they adhesion to the walls of the vessel one would expect a greater variation. 
\gainst the idea of lysis of the platelets as a major factor in the decline 
irst, the very rapid recovery and, second, the absence of any symptoms 

might be expected from materials known to be present in platelets (throm- 
1) stin, vasoconstrictor substances, and so on), 

e rapid return of the platelet count in some of the experiments in vivo 

\ markable. In some cases after declining 60 to 75 per cent it reached the 

level again within an hour. This scarcely can be due to new formation 

0 telets. Lawrenee and Valentine’? estimated production in the eat to be 

1,600 to 2,800 per eubic millimeter per hour. Toeantins'! found 40,000 

‘bic millimeter per hour following splenectomy, but this rate could hardly 
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he expected from normal bone marrow. A count rising from 20,000 to 228,000 


in thirty-two minutes (Table 1) does not look like new formation, It may Ix 
noted also that since the count before heparin was 295,000 no ereat destruction 
by lvsis is indicated. 

The fact that the leucocytes tend to decline when the platelet count is ver 
low suggests that they also are caught with the platelet clumps in the capillaries 
In one experiment, freshly drawn blood was mixed with heparin in the svring 
placed in a plain glass test tube, and kept fifteen minutes at body temperatur 
before reinjection. After the blood had been drawn back into the syringe, it Was 
found that the wall of the tube had a deposit of fine granules whieh, wher 
washed off in formalin-citrate, proved to be platelet clumps. Many of these wer 
adherent to leucoevtes. 

It is unlikely that there is any direct destructive action of heparin on the 
leucocytes since counts of the latter were made on all samples in Experiments 
D, E, and F (Table IV) and failed to show the parallelism with the platelet 


counts usually found in vivo. 

The silicone experiments require further consideration. They were planned 
as controls of the in vivo experiments on the assumption that since contact with 
glass could be avoided, the conditions outside the body would resemble those 
within. The data did not support this assumption. The citrate controls in sili 
cone listed in Table IV showed a 41 and 44 per cent reduction in two cases and 
27 per cent in the third where the citrate was raised to 3.8 per cent of the final 


aSS 


mixture. In another experiment not shown, an oxalate control in plain el: 
gave a 40 per cent reduction. Where heparin was the only anticoagulant present 
at 10 units or more per cubic centimeter, the platelet fall in silicone ranged from 
96 to 75 per cent in Experiment D, 81 to 90 per cent in Experiment EK, and 957 
to 66 per cent in Experiment F, so that the decline in all three was definitely 
greater than with citrate or oxalate. A plain glass surface may be considered a 
uniform stimulus for platelet change, and in tests with heparin Wright found a 


1} 
e 


reduction of 55 per cent to over 70 per cent compared with 10 per cent in 
paraffin control. We found it rather surprising, therefore, that there was not 


yt 


sufficient difference between plain glass and silicone vessels to justify the thoug 
that the character of the surfate is an important factor in the reduction of plate 


lets when anticoagulants are present. This result, together with other expe1 
ences with silicone, leads to the suggestion that at the moment of mixing certain 


changes affecting the platelet already may have been initiated and are continued 


even though at a retarded rate and to a limited extent after the addition of 
anticoagulants. 
It should be pointed out that good blood samples for the silicone technique 


are more difficult to obtain from dogs than from human subjects. This is ¢ 
phasized by the careful experiments of Patton, Ware, and Seegers.'2 Since 


Wright ’s tests were made with human blood, the differences mentioned between 
her results and ours may be related to this fact. Another variable whieh may 
be involved is suggested by the work of Brinkhous'’ who has presented eviderce 
of a plasma factor necessary for the lysis of platelets; it is not difficult to imagine 


agglutination as a related phenomenon. In experiments on dogs recei\ 
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Dicumarol but not recorded here, we have noted marked differences in the re- 
sponse of platelets from different animals to the same dose of heparin in vitro. 
It is evident, therefore, that these experiments with silicone cannot be regarded 
as simulating conditions within the blood vessel. Besides the changes in the 
blood incident to its removal, such factors as mixing and carbon dioxide tension 
are quite different in vitro compared with in vivo. 

One of the puzzling features of the ex vivo experiments, illustrated in Table 
IV. was the return of the platelets after an initial decline when the blood mix- 
tures were followed for twenty-four hours or longer. This did not oceur in all 
blood samples as, for example, in Experiment E where the count remained con- 
sistently low from twenty-four to seventy-two hours. Even over shorter periods 
of time late samples might show increases over earlier ones, as In Experiment G, 
and occasionally even a saline control in silicone might show it, as in Exper- 
ment B. Undoubtedly this was partly due to uneven distribution, but the counts 
of red and white cells made at the same time did not show such wide variations 
The decline in agelutination suggested one reason for an inerease, but the plate- 
lets in the aging blood could not always be recognized as old and indeed one had 
to consider again whether platelets can be formed from red cells. 


* two 


In Schilline’s **ideal’” red cell, a review of whieh is given by Ulpts,’ 
structures are indicated which easily may be counted as platelets, and indeed 
one of them was so labelled by Sehilling. Occasionally the ghost of a red cell 
surrounding such a structure will enable one to eliminate it from the count, but 
it is possible that the inclusion of some of these Schilling bodies may be partly 
responsible for the rise of the count in late samples. But there cannot be a great 
many of these *tideal’’ ervthroevtes because platelet counts made by the use of 
» per cent urea solution which hemolvzes red cells showed general agreement 
with platelet counts made in the usual formalin-citrate mixture, beine sometimes 
lower and sometimes higher. Since the use of urea allows a dilution of only 4» 
of the blood sample while the other count is made in the 4» dilution, there was 

uch greater chance of the former showing an increase if many erythroeyvtes 
containing Schilling bodies were present. Rees and Ecker’ called these refrae- 
t structures Arnold bodies, and the addition of formalin to the 3.8 per cent 
sodium citrate which they recommended made the laking of red cells less fre- 
quent. Trregularities in platelet counts made in the '4o, dilution suggest that 
ed cells may interfere with a free distribution of platelets when clumps are 
present and the error is multiplied when compared with the lower dilution. For 
eason reliance has been placed on the count made in the urea solution and 
lues given in Table VI were so obtained. 
Vith regard to Table VI it should be pointed out that the barbiturate may 
some slight influence on the figures. The effect of this type of anesthesia in 
ng the erythrocyte count is well known. During 1941-1942 in some experi- 
that were being made at Toronto by Dr. R. E. Haist on surgical shock, 
us (KE. F.) noted the usual reduction in red cells following the barbiturate 
wind the platelets were not reduced in the same proportion. This has the 
el ' a relative increase and is quite definite when compared with preanesthetic 
There was an indication that a slight relative increase might continue for 
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he expected from normal bone marrow. A count rising from 20,000 to 228,000 
in thirty-two minutes (Table 1) does not look like new formation, It may |» 
noted also that since the count before heparin was 295,000 no great destructior 
by lvsis is indicated. 

The fact that the leucocytes tend to decline when the platelet count is ver 
low suggests that they also are caught with the platelet clumps in the capillaries 
In one experiment, freshly drawn blood was mixed with heparin in the svring: 
placed in a plain glass test tube, and kept fifteen minutes at body temperatur: 
before reinjection. After the blood had been drawn back into the svringe, it was 
found that the wall of the tube had a deposit of fine granules which, wher 
washed off in formalin-citrate, proved to be platelet clumps. Many of these wer 
adherent to leucoeytes. 

It is unlikely that there is any direct destructive action of heparin on the 
leucocytes since counts of the latter were made on all samples in Experiments 
D, E, and F (Table IV) and failed to show the parallelism with the platele: 
counts usually found in vivo. 

The silicone experiments require further consideration. They were planned 
as controls of the in vivo experiments on the assumption that since contact with 
glass could be avoided, the conditions outside the body would resemble those 
within. The data did not support this assumption. The citrate controls in sili 
cone listed in Table IV showed a 41 and 44 per cent reduction in two cases an 
27 per cent in the third where the citrate was raised to 3.8 per cent of the final 


mixture. In another experiment not shown, an oxalate control in plain glass 
gave a 40 per cent reduction. Where heparin was the only anticoagulant present 
at 10 units or more per cubic centimeter, the platelet fall im silicone ranged from 
96 to 75 per cent in Experiment D, 81 to 90 per cent in Experiment E, and 57 
to 66 per cent in Experiment F, so that the decline in all three was definitely 
greater than with citrate or oxalate. A plain glass surface may be considered a 
uniform stimulus for platelet change, and in tests with heparin Wright found a 
reduction of 55 per cent to over 70 per cent compared with 10 per cent in thi 
paraffin control. We found it rather surprising, therefore, that there was not 
sufficient difference between plain glass and silicone vessels to justify the thought 
that the character of the surface is an important factor in the reduction of plate 


lets when anticoagulants are present. This result, together with other expe 


ences with silicone, leads to the suggestion that at the moment of mixing certail 


changes affecting the platelet already may have been initiated and are continue 


even though at a retarded rate and to a limited extent after the addition o 
anticoagulants. 

It should be pointed out that good blood samples for the silicone technique 
are more difficult to obtain from dogs than from human subjects. This is « 
phasized by the careful experiments of Patton, Ware, and Seegers.'? Since 


Wright’s tests were made with human blood, the differences mentioned betw 


hea 


her results and ours may be related to this fact. Another variable whieh | 


be involved is suggested by the work of Brinkhous'* who has presented evid 


of a plasma factor necessary for the lysis of platelets; it is not difficult to imagin 


agglutination as a related phenomenon. In experiments on dogs receiv ng 
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Diceumarol but not recorded here. we have noted marked differences in the re- 
sponse of platelets from different animals to the same dose of heparin in vitro. 
It is evident, therefore, that these experiments with silicone cannot be regarded 
as simulating conditions within the blood vessel. Besides the changes in the 
blood incident to its removal, such factors as mixing and earbon dioxide tension 
are quite different in vitro compared with in vivo. 

One of the puzzling features of the ex vivo experiments, illustrated in Table 
IV, was the return of the platelets after an initial decline when the blood mix- 
tures were followed for twenty-four hours or longer. This did not oceur in all 
blood samples as, for example, in Experiment I where the count remained e¢on- 
sistently low from twenty-four to seventy-two hours. Even over shorter periods 
of time late samples might show increases over earlier ones, as in Experiment G, 
and occasionally even a saline control in silicone might show it, as in Experi- 
ment B. Undoubtedly this was partly due to uneven distribution, but the counts 
of red and white cells made at the same time did not show sueh wide variations 
The decline in agelutination suggested one reason for an increase, but the plate- 
lets in the aging blood could not alWavs be reeoenized as old and indeed one had 
to consider again whether platelets can be formed from red cells. 

In Sehilline’s *tideal’” red cell, a review of which is given by Ulpts,'t two 
structures are indicated whieh easily may be counted as platelets, and indeed 
one of them was so labelled by Schilling. Occasionally the ghost of a red cell 
surrounding sueh a strueture will enable one to eliminate it from the count, but 
it is possible that the inclusion of some of these Sehilling bodies may be partly 
responsible for the rise of the count in late samples. But there cannot be a great 
many of these ‘tideal’” ervthroevtes because platelet counts made by the use of 
» per cent urea solution whieh hemolyzes red cells showed general agreement 
With platelet counts made in the usual formalin-citrate mixture, being sometimes 
lower and sometimes higher. Since the use of urea allows a dilution of only 44 
of the blood sample while the other count is made in the 4,9 dilution, there was 

uch greater chance of the former showing an increase if many erythroevtes 
containing Schilling bodies were present. Rees and Ecker’ called these refrae- 
tie struetures Arnold bodies, and the addition of formalin to the 3.8 per cent 
sodium citrate which they recommended made the laking of red cells less fre- 
quent. Irregularities in platelet counts made in the 4, dilution suggest that 
the ved cells may interfere with a free distribution of platelets when clumps are 
present and the error is multiplied when compared with the lower dilution. For 
Mis reason reliance has been placed on the count made in the urea solution and 

lues given in Table VI were so obtained, 


Vith regard to Table VI it should be pointed out that the barbiturate may 


ne sheht influence on the figures. The effect of this type of anesthesia in 
ng the ervthroeyte count is well known. During 1941-1942 in some experi- 
hat were being made at Toronto by Dr. R. E. Haist on surgieal shock, 
us (KE. F.) noted the usual reduction in red cells following the barbiturate 
wind the platelets were not reduced in the same proportion. This has the 
'a relative increase and is quite definite when compared with preanesthetic 
There was an indieation that a slight relative increase might continue for 
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a time in successive samples after anesthesia. This may be the reason why it 
Table VI some of the experiments show at thirty or sixty minutes a higher count 
We mention this as a caution in case this increase be inter 


than the mitial one. 
The anes 


preted as inereased production in immediate response to the heparin. 
thetic avoids the excitement incident to the taking of each sample in untrained 
dogs, and since the important count is within five minutes after heparin and 
usually only a few minutes after the initial count, conditions appear mor 
favourable for a comparison between different samples of heparin. 

to many foreign materials and it should be recalled 
Astrup and Piper'® also caused 


Platelets are sensitive 
that the synthetic anticoagulants studied by 
platelet agglutination, but the fact that heparin brings about this phenomenot 
has the appearance of a physiologic contradiction. The formation of platelet 
emboli does not seem to harmonize withthe prevention of platelet thrombi. How 
ever, the very act of purification may cause commercial heparin to differ fro 
that released within the animal body. The results shown in Table VI suggest 
that more work is required before platelet agelitination «an be accepted as % 
property of natural heparin. 

The effeet of commercial heparin on platelets resembles its effeet on ehylo 
microns seen in studies of lipemia by Waldron and Friedman."’ It is possible 


that there is some common underlying factor for both these actions. 


SUMMARY 


Heparin on intravenous injection in man or dog may cause a brief thrombo 
evtopenia. In dogs this may reach 10 per cent of the original count, although 
there is individual variability. The fall in the platelet count is repeated wit! 
repeated injections. The decline is also observed when heparin is added to blood 
in silicone vessels. Some experimental lots of heparin in the same dosage 0! 
anticoagulant units have shown much less effeet upon platelets than the preset 
commercial product. 

The authors are greatly indebted to Dr. C. H. Best for his interest, to Miss Erica Ls 
f the platelet counts, to Mr. E. Napke for the opportunity to obtain bl 
C. Monkhouse for the b! 


for a number « 
samples from a series of dogs receiving heparin, and to Mr. F. 


heparin determinations. 
The aid given us by Dr. Tage Astrup, Dr. A. M. Fisher, and Dr. A. F. Charles has 1 


particularly appreciated, 


The study was completed under a grant from the National Research Couneil of Can: 
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THE EFFECT OF HEPARIN ON PLATELETS IN VIVO 


ArMAND J. Quick, M.D., Pu.D.,.* Jacon N. SHANBERGE, M.D.,f 
Np Mario STEFANINI, M.D.3 
MILWAUKEE, WIs. 


HEN either peptone or anaphylactic shock is produced in dogs, the plate 

lets are temporarily but precipitously diminished, heparin is liberated into 
the blood, and histamine or a histamine-like substance is produced.! This triad 
has become of particular interest since Allen and Jacobson? have found that 
dogs exposed to highly ionized irradiation suffer a marked thrombocytopenia, 
heparinemia, and a peripheral capillary dysfunction manifested by peteehia 
In a recent note Copley’ implies that the heparin is responsible for the throm 
hboevtopenia and that it *“‘may also take part in the formation of the petechia 
hemorrhages.’’ He cites his work and that of his associates in which it was 
shown that heparin causes an agglutination in vitro* and likewise an agglutina 
tion and subsequent thromboeytopenia in vivo.” As the result of these observa 
tions it becomes important to determine whether heparinemia produced eithe: 
endogenously or exogenously causes thrombocytopenia, or whether the fall in 
platelets and the outpouring of heparin in shock and after high ionizing irra 
diation are concomitant occurrences resulting perhaps from a common agent. 
As a preliminary approach to this problem, the effect of intravenously admin 
istered heparin on the number of circulating platelets was studied. § 


EXPERIMENTAL 


The action of heparin on the platelet count was determined in rabbits, dogs, and =n 
The heparin employed was obtained from several pharmaceutical companies in the forn 
10 ee. vials each containing 100 mg. of the sodium salt of heparin, Several of these pre} 
arations have their potency stated in terms of Toronto units (1 mg. of the sodium salt 
heparin is equivalent to 110 units 

The heparin was injected intravenously at a constant slow rate of approximately | 
2 ce. per minute. In man only one standard dose was studied, namely 0.8 mg. (SS Toronto 
units) per kilogram of body weight, since this approximates the one generally employed 
prophylaxis against thrombosis. In dogs and rabbits the doses ranged from 0.5 to 5 mg. 
to 590 units) per kilogram of body weight. Samples of blood were taken before and at fir 


intervals after the heparin was given. The vein into which the heparin was injeeted was 
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§After this investigation was completed, we were informed by Dr. Charles H. Best 
Dr. Edward Fidlar and Dr. Louis Jaques had made a similar study. Dr. Fidlar kindly 
plied us with a summary of their findings which are similar to ours. They too observed 
rapid agglutination of platelets in dogs following the injection of heparin. See p. 1410. 

We are indebted to Dr. K. kK. Chen of Eli Lilly & Company, Indianapolis, Ind., Dr. John 
T. Correll of The Upjohn Company, Kalamazoo, Mich., Dr. George R. Hazel of the At tt 
Laboratories, North Chicago, Ill, Dr. Merton Lockhart of Lederle Laboratories, Inc., \ 
York, N. Y., and Dr. Kenneth W. Thompson of Roche-Organon, Inc.., Nutley, N. J., who k 
supplied us with vials of heparin from their respective companies. 
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ised for subsequent collection of blood, \ silicone-conted svringe Was used and the blood 

the platelet count was transferred immediately to a silicone-coated test tube immersed 

ice water, An alternative method consisted of placing 0.2 ¢.c. of 8.8 per cent sodium 

trate directly in a 1 cc. svringe and drawing blood exactly to the mark. The platelets were 

letermined by direct count. The blood was diluted 1:200 with 3.8 per cent sodium citrate 
containing 0.2 ¢.c. formaldehyde (40 per cent) per 100 cubie centimeters, 

In man the change in heparin concentration can be successfully followed by the coag 


lation time (Lee-White), the prothrombin time, and the thrombin titration.6 In rabbits and 


dogs only the last method is satisfactory since the prothrombin time is too little affeeted, 


and the coagulation time is so markedly prolonged that it becomes impractical to perform 


and it is difficult to achieve accuracy, 
RESULTS 
The findings obtained by injecting heparin into man are given in Table I. 
It will be observed that the platelet count remained unaltered and that all of 
the heparin was removed from the blood in three to four hours. The bleeding 
time remained normal even during the time the heparin concentration in. the 
blood was highest. 


TABLE T. THE EFrect or INJECTING HEPARIN INTRAVENOUSLY IN MAN ON THE PLATELE’ 
COUNT, COAGULATION TIME, PROTHROMBIN TIME, AND THROMBIN TITRATION 


SUBJECT J. N. S. (WEIGHT): SO KG. SUBJECT M. 8S. WEIGHT: 65 KG, 
HEPARIN: 64 MG.,* HEPARIN: 50 MG 
COAG PHROM COAG THROM 
LATION PRO BIN LATION PRO BIN 
PLATI riMt PHROM rITRA PLATI TIMI THROM TITRA 
LETS ( LEI BIN TION LETS LEI BIN TION 
(THO WHITE TIMI iS.) T PHOL WHITE) TIMI le Ss.) 
MI SANDS MIN. (SEC, ) SEC. SANDS MIN. (SEC. (SEC, ) 
186 a 12? 7 116 6 12 6.5 
min. 16S 60 27 255 22 12 22 125 
min, ISO 15 9 210 125 2 17.0 65 
min. 73 35 ico ) 113 0) 16.5 39 
hr. 178.5 20 15.5 19 118 20) 14 20) 
nr, 169 13 13.5 36 115 1] 13 R 
nr. 16] 12 14 12 115 7 12.0 10) 
r, L644 Tle 12 7p 
Hoffman-La Roche. Each subject received 0.8 mg. of heparin per kilogram of body 
t 
The thrombin was prepared according to the directions of Eagle and modified by 
The product obtained which is designated as full strength (F. S.) will clot two parts 
lated human plasma in three seconds. When the thrombin is diluted 1:5 (1/5 S.) 


plasma in seven seconds. 


In Table IL the effect of intravenously injected heparin on dogs is recorded. 
il be observed that the five brands of heparin had approximately the same 
in reducing the number of circulating platelets. A dose of 0.5 mg. (55 
per kilogram of body weight seems to be the critical amount since it some- 
produced thrombocytopenia and sometimes did not. Above this dose, a 

1 platelets unfailingly was observed. 


0 determine how soon the platelets are affected after the injection of 
in, blood was taken every minute for five minutes. One minute after the 
on all the platelets were clumped but still in the blood stream. A minute 
‘ingle platelets again appeared and the clumps were diminishing. At the 

five minutes all agglutinated platelets had disappeared from the blood. 
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‘ABLE IIT. THE SrEED With WHICH PLATELET AGGLUTINATION AND THROMBOCYTOPENIA 
OccuR AFTER INJECTION OF HEPARIN IN THE DoG (Dog G.; WEIGHT, 16 KG.; 
HEPARIN* INJECTED: 16 MG. 

riMi PLATELETS 
MIN, (THOUSANDS ) AGGLUTINATION 
() 193 None 

| Complete 

2 65 Nearly complete 
4 25 Extensive 

t 19 Little 

5 Ze None 


*Hotfman-La Roche, 


The various brands of heparin produced no thromboeytopenia in rabbits 
as seen in Table IV. The platelet counts were made on arterial blood. 

Only a few studies of the effect of injecting peptone in rabbits were made 
since they yielded results similar to the ones obtained earlier by Quick, Ota, 
and Baronoftsky.. Peptone causes a marked drop in the platelet count but 
produces little or no heparinemia (Table V), whereas in dogs enough heparin 
is often poured into the blood to render it incoagulable. 

From the results obtained in the present study one can conclude that the 
intravenous injection of heparin in doses as large as 5 me. per kilogram of body 
weight in rabbits and 0.8 meg. in man causes no demonstrable diminution of the 
circulating platelets. In dogs, on the contrary, doses as small as 0.5 mg. per 
kilogram of body weight may eause a marked but transient fall in the platelet 
count. This is due to the agglutination of these cells, and presumably to the 
subsequent removal of these clumps by the capillary bed. The agglutination as 
shown in Table III] occurs almost immediately after the heparin is injected. 
Promptly following this reaction, restoration of the platelet count begins to 

‘ur and may be amazinely rapid. In some instances the count may be one- 
hird of the original level five minutes after the injection and completely normal 
en minutes later. 

Since heparin does not cause thromboeytopenia in either man or rabbit, it 
clear that this agent per se has no influence on platelets. To imply that the 
romboeytopenia following high ionizing irradiation is the resultant of heparin- 

is certainly open to question, To be sure, the injection of peptone in dogs 
ses heparinemia, thromboeyvtopenia, and histamine production, but in the 
it the same dose of peptone produces only thromboeytopenia. It is unlikely 

the heparinemia in dogs is the eause of the abrupt drop of platelets. It 
also be stated that injection of histamine likewise causes no change in the 
clet count,’ * consequently this agent can not be implicated in the throm- 
fopenia observed in shock. On the basis of present evidence it seems reason- 
fo conelude that the three effects of shock seen in does are independent of 
other except that their causative agent may perhaps be the same, One 
not ignore the possibility, however, that the coagulation defect which we 
recently demonstrated in thromboeytopenia® when accentuated by heparin- 
may convert the vascular hyperpermeability due to histamine into a serious 
orrhagie condition. It is doubtful if heparin alone or even in the sole pres- 
of a thrombocytopenia will cause petechiae or a prolonged bleeding time. 
se later effeets assuredly are the result of a vascular factor. 
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TABLE V. THE INFLUENCE OF INTRAVENOUSLY INJECTED PEPTONE ON THE PLATELETS IN THI 
RABBIT (300 MG. OF PEPTONE* PER KILOGRAM OF Boby WEIGHT) 


THROMBIN 


TIME PLATELETS TITRATION 
(MIN. ) | (THOUSANDS) — | AGGLUTINATION (15.8.) (SEC. 
0 279 None 6.5 
D 125 Almost complete 6.5 
15 60 Extensive 6.5 

30 [25 Moderate 6.5 


Witte, Rostock, Germany, 


It is curious that heparin causes a thrombocytopenia in dogs but not in 
man or rabbits. One can proffer several possible explanations. The first is that 
the purified heparin may still contain a trace of impurity to which the dog but 
not the rabbit or man is susceptible. A second hypothesis is that heparin reacts 
with a plasma constituent, thereby producing an agent which causes the aggluti- 
nation of platelets. According to this view, dog plasma contains this factor but 
rabbit and human plasma do not. A third hypothesis is that dog plasma lacks 
protective factors that would counteract the physicochemical alteration induced 
by heparin. It is to be noted that the effeet of heparin on the platelets is im- 
mediate, and that the platelets actually begin to increase while the heparinemia 
is still at its height. This shows that the presence of even a high concentration 
of heparin does not depress the platelet count but actually allows a rapid res- 
toration which is brought about very likely from the liberation of the individual 
cells from the agglutinated clumps. 

There are probably two types of platelet agglutination. The first is the 
type induced by heparin in dogs by peptone and perhaps by many other agents 
as Achard and Avnaud noted as early as 1908.1° Perhaps this type of ageluti- 
nation is brought about by as simple a change as the removal of an electric 
charge needed to maintain the disereteness of the platelet. The second type of 
agglutination is apparently the result of labilization of the platelet by thrombin. 
In this type the platelets become sticky, readily adhere to rough surfaces, and 
disintegrate, thereby liberating an enzyme that activates the plasma thrombo- 
plastinogen. The platelets remain stable whenever the production of thrombin 
is inhibited. This aecounts for the stability of platelets in hemophilia, in marked 
Dicumarol hypoprothrombinemia, in oxalated and citrated) plasma, and_ in 
heparinized plasma. Heparin however does not prevent the first type of agegluti- 
nation as Quick, Ota, and Baronofsky* and Fidlar and Waters!! have shown. 

rom a practical point of view the agglutination of platelets by heparin 
is of little moment since it does not occur in man and since even in dogs it is 
very transitory and unaccompanied by any untoward effects. Heparin depresses 
latelet agglutination of the second type by inhibiting the formation of thrombin 
as well as by neutralizing it. Because of this action, heparin is a reliable drug 
or prophylaxis against intravascular clotting. 


SUMMARY 


Che effect of intravenously administered heparin on the circulating platelets 
was studied in man, rabbits, and dogs. Five brands of commercial heparin were 
used. No significant agglutination or thrombocytopenia was observed in man 
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and rabbits even after relatively large doses. In dogs a dose of 1 mg. per 
kilogram of body weight invariably caused agglutination of platelets and a 


subsequent transitory thrombocytopenia, Probable causes for this are discussed, 
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EFFECT OF VITAMIN kK ON DICUMAROL-INDUCED 
HYPOPROTHROMBINEMIA IN RATS 


KE. J. Boyp, M.D., anp E. D. Warner, M.D. 
Iowa Crry, Towa 


OST of the reports dealing with the effect of vitamin Kk on dieumarol- 
M induced hypoprothrombinemia have been based on one or another of the 
one-stage methods of prothrombin estimation.’ It has been shown that these 
methods depend not only on the concentration of prothrombin but also on the 
rate of conversion of prothrombin to thrombin.* Thus the one-stage tests lose 
some of their reliability as a means of measuring prothrombin concentration 
unless factors which may influence conversion rate are eliminated. In reeent 
vears several workers have established that another constituent present in normal 
plasma influences the conversion of prothrombin to thrombin.® In addition, 
the presence of a distinct inhibiting substance in the blood of animals treated 
with a hydrogenated derivative of Dicumarol has been postulated.'* '° This 
substance is considered to be similar to but not identical with heparin. Some 
of the clinieal reports are based on the cessation of spontaneous bleeding which 
is admittedly influenced by many variables. 

The two-stage method of prothrombin determination'® separates the eon- 
version phase from the clotting phase and thereby eliminates the rate of con- 
version of prothrombin to thrombin as a factor in prothrombin measurement. 
It seems pertinent, then, to examine by this method the effeet of Dicumarol on 
the prothrombin level of blood and the modification of that effeet by vitamin K. 


MATERIALS AND METHODS 


Adult albino rats of the Sprague-Dawley strain were used. They were maintained on 


diet which contained adequate amounts of vitamin Kk, Water and diet were fed ad libitum. 
Suspensions of 3,3’-methylenebis | t-hydroxycoumarin) were prepared as follows: 70.2 
Dicumarolt were suspended in 32.1 Cc.c, ot distilled water. T'S effect increased dispersion 


the drug suspension, 3.0 ¢.c. of O.IN sodium hydroxide were added. 
Menadionet 2-methyl-1,4-naphthoquinone) was dissolved in corn. oil Mazola) so 
that 50 mg. were contained in each cubic centimeter of the solution. 

Hykinone§ (menadione bisulfite) was used as supplied by the manufacturer. One 
ie centimeter contains the equivalent of 2.5 mg. of menadione, 

Dicumarol and menadione were given by stomach tube, and Hvkinone was given by 
traperitoneal injection. Both the vitamin K preparations and Dicumarol were given 
daily doses. 

Blood, obtained by jugular puncture, was drawn into 1.85 per cent potassium oxalate. 
e blood and anticoagulant were carefully mixed and placed in a hematocrit tube, and 
® tube was set in ice water to induce rapid cooling. After centrifugation in a refriger 

ted room (5° C.) prothrombin titration by the two-stage method!6 was performed on 


plasma, 
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*Rockland Rat Diet. (Complete. ) 
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RESULTS 
I. Dicumarol Alone.—<A. In the first experiment the animals were given 
daily doses of constant size of Dieumarol, and the prothrombin level (expressed 


in per cent of normal) was followed for a period of from two weeks in some 
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Fig. 1.—The effect of daily doses of Dicumarol on the prothrombin level of rat plasma. 
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Fig. 2.—The effect of daily doses of increasing size on prothrombin level of rat plasma. 


eases to as long as forty-three days in others. Fig. 1 shows a typieal curv 
There was a definite tendency for the animals to develop a tolerance to the drug 
After approximately two weeks the prothrombin level tended to rise, and at thi 
end of three to four weeks it commonly approached normal values. The dail) 
variations in prothrombin level of Dicumarol-treated rats were great, as muc! 
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as 40 per cent in some instances. These variations are greater than can be 
explained on the basis of technical error in’ performing the determinations. 
Repeated determinations on many occasions showed that the variations in 


prothrombin level were genuine. 
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Fig. 4.—The effect of Hykinone given during administration of Dicumarol. 
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B. In another group of rats the dosage was gradually increased in an effort 
keep the prothrombin at a low level. Virtually the same type of curve was 
tained (Fig. 2) although the prothrombin level tended to remain low for a 


nger time. Sueceeding large doses had less effeet than earlier small doses. 
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C. In the third experiment the effect of a single dose of Dicumarol w: 
studied (Fig. 3, 4). A dose of 4.0 mg. of Dicumarol was given, and the pr 
thrombin level was followed for two days after it had returned to normal. TT! 
maximum hypoprothrombinemic effect was obtained within forty-eight hours 
and recovery was complete within ninety-six hours after the time of medicatior 

In the foregoing experiments the prothrombin level promptly returned t 
normal when Dicumarol administration was stopped. This occurred withi: 
ninety-six hours after administration of the last dose of Dieumarol. Reeove: 


after repeated doses was at essentially the same rate as after a sinele dose. 
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Fig. 5. 1, Left-hand curve. The effect of menadione given immediately preceding 
continuance of Dicumarol on the rate. of recovery from. the Dicumarol effect. 


B, Right-hand curve, Menadione preceding, during, and after Dicumarol administrat 


Il. Dicumarol and Vitamin W.—A. Hvkinone 4.0 ¢.e.) had no detecta! 
effect when given to rats receiving daily doses of Dicumarol (Fig. 4). No 
change was observed which was greater or in a different direction than frequent 
was observed with continued administration of Dicumarol alone. 

B. In a second group of animals large doses of menadione (50 me. dail 
were given for a period of one to two weeks before Dicumarol administrati 
was begun, and it was continued during the period of Dicumarol administrati 
(Fig. 5, B). A standard dose of 2.0 mg. of Dieumarol was given. The hy} 
prothrombinemie effect of the Dicumarol in these animals was similar to t! 
in animals which had received no menadione (Fig. 1), Upon discontinuing t 
Dicumarol, recovery occurred at the same rate as in rats which had receiy 
no menadione. 

C. A third group of animals was given Dicumarol for at least five and 
long as twenty-four days. During the last three to six days of Dicumarol : 
ministration 50 mg. of menadione were also given (Fig. 5, 4). When bo 
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Dicumarol and menadione were stopped, the prothrombin level rose to normal 
at the same rate as it did when the administration of Dieumarol was stopped 





























in animals which had received no menadione (Fig. 6). In other animals in the 
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ue experiment vitamin K was given as Hykinone (dose equivalent to 10 mg. 
nadione) intraperitoneally. The results were the same as with menadione 


corn oil by stomach tube. 
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D. Ina fourth group of animals, Dieumarol was given for a period of fiv: 
to ten days and then followed by the administration of 4.0 ¢.¢. of Hykinone dail 
during the period of recovery (Fig, 7). Recovery occurred at the same rat 
and to the same degree as in rats which received no Hykinone (Fig. 6). Wher 
Dicumarol was administered immediately following complete recovery a respons: 
similar to that obtained with the initial dose was observed in both Groups. 

K. In single dose experiments the prothrombin curves of rats given 1) 
ecumarol and Hvykinone together (Fig. 3, B) were similar to those of rats whic 


received Dicumarol alone (Fie, 3,4 
DISCUSSION 


There are two outstanding differences in technique between these exper 


ments and those reported by Overman and co-workers.” Their animals wer 


viven a diet low in vitamin WK while ours were e@eiven a diet which contained 


adequate amounts of it. The prothrombin determinations in their experiment 
were done by a one-stage method using dilute plasma while ours were done }) 
the two-stage method. We wished to parallel as closely as possible clinieal con 
ditions in which the diet is not likely to be deficient in vitamin K, and to measur 
prothrombin concentration only, 

The results of elinieal studies of the effeet of vitamin KO on Dieumaro 
induced hypoprothrombinemia are contused somewhat because additional meas 
ures such as discontinuance of Dicumarol administration, blood transfusions 
and other agents have been used to correct the hemorrhagic tendency. Th: 
clinical studies also lack the control possible in experimental animals. In man) 
eases vitamin K was given at a time when the prothrombin level might: hav 
been expected to be rising due to the development of tolerance to the drug 
Another possible cause for the great variation in clinical results is the wid 
diversity of methods used to estimate prothrombin, These vary from simpli 


observation of cessation of spontaneous bleeding to the dilute plasma teehniqui 


of Link. There is some evidence’ that the Quick and Link methods cannot he 


substituted for each other, This suggests that they may measure different 


things. They, as all the one-stage methods, are certain to be influenced by plasn 


factors other than prothrombin concentration. There is also evidence! that 


the dilute plasma techniques have much greater standard deviations on duplicat: 
determination than do whole plasma techniques. Even though the sensitivit 
is increased by dilution of the plasma, the increased possibility for error mi 
be another reason for inconsistencies of results. 

It is possible that vitamin K administration affeets factors whieh gove 
prothrombin conversion as well as those whieh control its concentration, T! 
could explain the protective action of vitamin K against Dieumarol whieh hi 
heen reported by workers using the one-stage methods of prothrombin estimatio 
It would also explain why this aetion is not demonstrable by the two-sta 
method. 

SUMMARY 


1. The prothrombin level, as determined by the two-stage method, vari 


considerably from day to day in rats treated with Dieumarol, There was 








EFFECT OF VITAMIN K ON DICUMAROL-INDUCED HYPOPROTHROMBINEMIA = 1437 


definite recovery phase soon after the initial fall in prothrombin caused by 
Dicumarol. Later the animals showed a decided tendeney to escape from the 


effect of the drug. 
». Menadione and menadione bisulfite in large doses had no detectable 


counteracting effect on the prothrombin level of rats whether given before, 


during, or after Dicumarol administration. 
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VENTRICULAR IRREGULARITIES INDUCED BY SYMPATITO- 
ADRENAL DISCHARGE AND CHLOROFORM 


GEORGE X. TRIMBLE, A.B., M.D. 
CoLuMBIA, SLo. 


HENOWETH,! working with dogs, reported that the inhalation of the vapor 
C of various lipotropie hydrocarbons including toluene, xylene, petroleum 
ether, and gasoline, sensitizes the mammalian ventricle to epinephrine with 
resultant extrasystoles, tachyeardia and fibrillation, simulating the well-known 
chloroform-epinephrine syndrome. ** * 

In discussing his findings, Chenoweth suggests that human subjects sensi 
tized by the inhalation of such vapors might be susceptible to ventricular fibri 
lation, if subjected to emotional stress which would liberate epinephrine. 

The electrocardiographic studies presented here, on dogs in which a 
sympatho-adrenal discharge was pharmacologically induced and to which chloro 
form was administered during the height of such induction, seem to substantiate 
that suggestion. 

Dogs weighing 2 to 15 kilograms were put under basal anesthesia by intra 
peritoneal injections of sodium pentobarbital solution carrying 37.5 me. per 
kilogram of body weight. Control presurgical electrocardiographie records were 
then taken using the three standard leads. Tracheal and carotid cannulae were 
then inserted and the femoral vein was exposed, and after a thirty-minute rest 
period following the surgery, an electrocardiographie Lead IIL was recorded, 
Each animal was given from 0.5 to 2.0 mg. of atropine sulfate intravenously, 
depending on the weight of the animal, and five minutes later 1.5 mg. of physos- 
tigmine salicylate. Control records (electrocardiographie Lead I1) were taken 
three minutes after each drug injection. Five minutes after the physostigmine 
was given, 0.2 to 4.0 mg. of acetylcholine bromide (depending on the weight of 
the animal) were injected. At the onset of the resulting blood pressure rise, the 


eon 


administration of chloroform vapor was begun and continued uninterrupt 
until a danger point as indicated by marked fall in blood pressure and apnoe: 
was reached, Continuous electrocardiographic Lead II, blood pressure ai 
respiration records were obtained from the time just prior to the acetylcholine 
administration until the cessation of the chloroform anesthesia. 

In this sequence of injections, presumably the musearinie action of ‘he 
acetylcholine would be blocked by the atropine and the destructive action of 


cholinesterase on the acetylcholine held in check by the physostigmine, leay ing 


the nicotinie action of the acetylcholine unrestrained. The nicotinie effects of 
acetylcholine are believed to include a sympatho-adrenal discharge and the !:0- 
bilization of epinephrine or an epinephrine-like substance.® ** If the nicotiiic 
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VENTRICULAR IRREGULARITIES 


effect were great enough, it seemed that the intrinsic epinephrine liberated by 
he animal could affeet the ehloroform-sensitized ventricular complex just as 


intravenous injections of epinephrine. 

Nine dogs of both sexes and various weights were studied. No differences 
in results attributable to sex or weight were found. There was however a wide 
variation In sensitivity as indicated by the fact that in three dogs a nicotinie 
effect could not be induced, in spite of different dosages of drug administration. 

In the six dogs in which nicotinic responses were evoked, the following ab- 
normal electrocardiographie findings were obtained during the reaction to ehloro 
form. 

Three dogs: Ventricular extrasystoles, varving from single extra beats to 
short bursts of twenty or more ventricular extrasystoles. 
Two dogs: A persistent ventricular tachveardia of several minutes” dura- 

tion. 


One dow: A ventricular tachyveardia changing to fibrillation during which 


the animal expired, 


In all instances except the last the normal electrocardiographic pattern 


returned following the termination of the abnormal ecardiae activity. 

Aside from the changes listed, no other deviations in the electrocardiogram 
were noted, and these changes occurred only during ehloroform inhalation fol- 
lowing the injections of atropine, physostigmine, and acetylcholine. No sueh 
changes in electrocardiogram were noted following the injections of atropine, 

hvsostigmine, and acetvleholine into animals receiving no chloroform. 

This was to be expected, for Myerson and co-workers’ have shown that, 
though physostigmine and choline ester may produce severe heart block, 
atropine prevents this block. In the present experiments atropine and physos- 
mine always preceded the injection of the acetvleholine. 

The findings reported here strengthen the suggestion of Chenoweth! that 


trinsie epinephrine if liberated in sufficient quantity through emotional stress 


ld present a serious hazard through its effect on the ventricular complex 


ensitized to various lipotropie hydrocarbons. 
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LABORATORY METHODS 


A MICROMETHOD FOR THE DETERMINATION OF THE HUMAN 
ALBUMIN, GLOBULIN, AND HEMOGLOBIN CONTENTS 
Bacon F. CuHow,. Pxs.D., Lois Hau, BS., B. J. Durry, M.D.. 


AND CARL ALPER, PH.). 
New BruNSWICK, N. .J. 


l* OUR previous communications’: * it was reported that the estimation 
human albumin in serum or other body fluids by means of the preeipitin reac 
tion gives an accuraey which approximates that of electrophoretic analysis, thi 
generally accepted standard, and requires only a minute amount of the protein 
This latter situation makes it possible for the development of a micromethod fo1 
the determination of albumin, total protein, and hemoglobin in capillary blood 
taken by finger puncture. These determinations were performed with 0.2 ml. 
of blood whieh was then diluted with a known volume of 0.85 per cent salini 
solution, containing enough heparin to prevent coagulation, The red cells were 
then removed by centrifugation and laked with a dilute ammonia solution for 
hemoglobin determination with a photoelectric colorimeter. — Aliquot Samples 
of the supernatant were used for determination of total protein nitrogen and 
albumin nitrogen, The former was estimated by measuring the turbidity of 
the trichloroacetic acid precipitate; the latter, by the preeipitin method. Thi 
difference between the total protein nitrogen and albumin nitrogen was taken as 
the total globulin nitrogen. 


Re agents, 


if concentrated ammonin solution 


1. A dilute ammonia solution, Approximately 5 mi. 
(28 per cent ammonia by weight) are diluted with water and made to 1 liter. 

2. A 7.5 per cent trichloroacetic ac?! solution, Seventy-five grams of Merck's re: 
grade trichloroacetic acid are dissolved with water and made to 1 liter. 

+. A normal saline solution; 17.0 grams of chemically pure NaCl are dissolved 
water and then made to a volume of 2 liters. To one liter of this solution are added 1 
of heparin. 

$f, Antihuman albumin rabbit serum. Sera of rabbits immunized against human 
albumin ean be prepared according to our previously described procedure.! The pooled 
is kept in a frozen state until shortly before use, and filtered if necessary, after thawing 


is then diluted exactly with an equal volume of the saline solution. 
Procedure. 


Blood is drawn from the tip of the finger by puncturing with a dry lancet until it flows 
freely. A 0.20 ml. sample is measured with a capillary pipette and transferred quantitativels 
into a 15 mi. centrifuge tube containing 10.0 ml. of 0.85 per cent saline solution with he] 
The suspension is then centrifuged for fifteen minutes, and the supernatant (referred 
SU) is carefully removed by a capillary tube and saved for the determination of the all 
nitrogen, and the total plasma protein nitrogen. 

From the Nutrition Department of Development Division of E. R. Squibb & Sons, " 
Brunswick, N. J., and the Sloan Kettering Institute for Cancer Research, New York, > Y 

Received for publication, Sept. 13, 1948. 


1440 








ALBUMIN, GLOBULIN AND HEMOGLOBIN CONTENTS 1441 


Determination of Ie moglobin. 

The red cells at the bottom of the tube are hemolyzed with 5 ml. of the dilute ammonia 
solution. After laking, 2 ml. of the hemoglobin solution are then pipetted into a Klett 
Summerson tube containing 4 ml. of the same ammonia water. Thus, the final sample con 
tains an equivalent of 0.0135 inl. of blood, The amount of hemoglobin is then determined 
colorimetrically, using a green filter of 540 millimicrons. To express the results in grams per 
cent (see columns A and B in Table 1), it is necessary to determine the oxyhemoglobin 
factor’ by correlating the colorimeter readings with oxygen combining capacity. 

Determination of Total Protein Nitrogen, 
Duplicate samples of 3.0 ml. of the supernatant (SU) are pipetted into two Klett 
Summerson tubes to each of which are then added 2.0 ml. of 7.5 per cent trichloroacetic acid 


solution from a 10 ml. burette. The turbidity produced is then measured in a Klett-Summerson 
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\ standard curve showing the relationship between turbidity readings and micrograms 
of serum protein nitrogen. 


#4 


er standing at least five minutes. The readings remain constant for more than two 
‘ifter precipitation, The amount of protein in the precipitates can then be estimated 
previously standardized curve, which is obtained by measuring the turbidity of the 
roacetic acid precipitate of a known amount of serum protein nitrogen. The results of 
al experiment are plotted in Fig. 1. To substantiate that such a relationship is 
le to normal as well as abnormal serum, we have compared the Kjeldahl nitrogen 


e turbidity nitrogen, 


Determination of factor, Procure sample of fresh blood and determine oxyhemoglobin 
nt by either the oxygen capacity or the carbon monoxide capacity method. tun a 
ietric determination on duplicate or triplicate 0.02 ml. portions of this blood From 


wn hemoglobin content of the blood, the factor may be determined as follows: 
Gm. per cent hemoglobin 


- : - Oxyhemoglobin factor 
Colorimeter reading 
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The data see Table I “are sepirated Into four groups according to the percentage ¢ I 


unin in the serum, ranging from 31 to 70 per cent. The amount of total serum nitrogen 


ach sample as determined by the Kjeldahl method is arbitrarily taken as 100) per cent 
which the turbidity nitrogen is compared. The results demonstrate that the turbidity 
m] gives a slightly higher result of less than 10 per cent, and a standard deviation of 
5. Such an agreement between these two methods may be considered as satisfactory 
clinical use. The results of a typical experiment with variations of the individual samples 
recorded in columns C, D, and E in Table I. 


Determination of Albumin Nitrogen. 


The amount of human albumin nitrogen in’ the supernatant SU is determined 
inologically according to the procedure previously described. The following modifications 
introduced in order to adapt this method to the small size of sample obtained by fingel 
ture. Two milliliters of the supernatant (SU) are diluted with 
cent NaCl solution. Two 1 ml. 


an equal volume of 0.85 
samples of this solution, now equivalent to 0.0098 ml. of 
original blood, are then added to two Klett-Summerson tubes fo duplicate determinations. 

milliliters of the diluted antihuman albumin rabbit serum are added to each tube from a 
ml, burette, and the turbidity of the immune precipitate is measured after standing at 
temperature for at least thirty minutes with a Klett-Summerson photoelectric colorim 


sing a blue filter of a wave leneth 420. 


I]. DETERMINATION OF THE TOTAL PLASMA PROTEIN NITROGEN BY PRECIPITATION WITH 
TRICHLOROACETIC ACID 


rOTAL PLASMA PROTEIN NITROGEN 


CENT OF ALBUMIN BY TURBIDITY METHOD 


IN PLASMA NUMBER OF SAMPLES .o// t S.D. 
31-40 6 103 + 6.0 
11-50 2 lO? + 40 
51-60 17 106 + 5.0 
61-70 5 107 + 5.1 


S.D., Standard deviation. 
Expressed as per cent of 


that found by the Kjeldahl method which is taken as 100 per 


The amount of human albumin corresponding to the turbidity readings can be es 

from the standard curve, Multiplying the albumin content per sample (column G in 
1) by the serum dilution (i.e., 51 2 equals 102) gives the total albumin nitrogen per 
iter of blood (column H). The ratio of total albumin nitrogen to the total nitrogen, as 
ined either with the micro-Kjeldahl method (column 1) or from the turbidity of the 
roacetie aeid precipitate (column J), multiplied by LOO gives the 
en 


pel cent ot the total 
as albumin. The difference between 100 per cent and the per cent ot 


albumin 
yen gives the per cent of globulins (column K 


Re sults. 


The results of a typical experiment with samples of blood drawn from 
teen individuals are summarized in Table I, in order to show the normal 
tions of routine determinations. They demonstrate that the agreement in 
plasma protein nitrogen between the two methods (micro-Kjeldahl and 
idity) is satisfactory for clinical use. The average percentage deviation of 
irbidity nitrogen from the Kjeldahl nitrogen is 2.6 per cent. The same 
nitude of deviation is reflected in the ealeulation of per cent of albumin 
d on total protein nitrogen measured with either one of the two methods. 
average percentage albumin in the plasma of this group of individuals is 
37 per cent. 
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In Table ITT are summarized our data from thirty-eight normal individuals 
Similar results obtained by other leading methods are included for compariso: 
It can be noted that the average concentration of both hemoglobin and of plasm: 
proteins in grams per 100 ml. of blood of our normal individuals is higher tha: 
that reported in the literature. Whether this difference can be attributed to 
the difference in the method of determination, or to the individual variation, is 
hard to decide on the basis of our limited number of experiments. Our averag 
figures in the per cent of albumin in plasma approximate closely the reported 
figures of electrophoretic albumin,® but are signifieantly lower than those o} 


methanol soluble albumin of Pillemer. 


TABLE III]. SUMMARY OF Data From NORMAL MEN ON HEMOGLOBIN, PLASMA PROTEINS, 


PER CENT ALBUMIN OBTAINED BY DIFFERENT METHODS 
METHODS USED 
SUBSTANCE DETERMINED AS PRESENTED IN THIS PAPER OFHER METHODS 
Gm. hemoglobin in 100 ml. blood 16.0-21.5 (a) 14.1-17.21 
b) 12.9-15.31 
Gm. plasma proteins in 100 ml 4.404 6 1k ae 
r : Jet0 1.24 
blood LOS 
Per cent albumin in plasma $4.04 172 
$2.55 a2 
1 Copper sulfate method for measuring specific gravities of whole blood and plas 


R. A. Phillips, D. D. van Slyke, V. P. Dole, K. Emerson, Jr., P. B. Hamilton, and R M. 
Archibald, Published by Josiah Macy, Jr., Foundation, 1945, page 49. 

2. The electrophoretic method for the analysis of albumin in human plasma by electr 
phoresis. Louis Pillemer and M. C. Hutchinson, J. Biol. Chem. 58, 299, 1945. 


4. The methanol method for the determination of human albumin in plasma. 


4. The immunologic method for the estimation of human albumin where the t 
nitrogen is determined by the Kjeldahl method. 
+. The immunologic method for the estimation f human albumin where the t 


nitrogen is determined by the turbidity method. 


Comparison of Albumin Content in Venous and Capillary Blood. 

Although capillary blood may, under normal conditions, be used for the 
estimation of blood proteins, including hemoglobin and plasma, it may not serve 
asa representative sample of circulating blood in conditions of severe shock or i 
gross generalized edema. The former situation may cause the capillary to 
contain 30 to 40 per cent more cells and hemoglobin than the venous or arte. 
blood, and in the latter situation the edema fluid from subcutaneous tissue would 
exude with the blood from a puncture. It is believed that proper technique of 
finger or ear lobe puncture will minimize such errors. 

In Table IV are collected the results on the comparison of per cent of 
bumin in plasma of capillary or venous blood of forty-three patients w 
various diseases, chiefly with malignant growth. In the tabulation of results 
it is arbitrarily assumed that the per cent of albumin in the plasma of the 
venous blood is 100, with which the albumin in the plasma of capillary blood is 
compared. The data are segregated into three groups of ascending per 
1. 


iS 
a 


of albumin, The results demonstrate that the per cent albumin in the p 
of the capillary blood and the per cent in the plasma of venous blood agree \ 


each other within the aceuraey of the determination. 
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TABLE LV. COMPARISON OF PER CENT OF ALBUMIN IN THE PLASMA OF CAPILLARY AND 
VENOUS BLOODS 


AVERAGE PER CENT ALBUMIN 


PER CENT ALBUMIN NUMBER OF SAMPLES IN) CAPILLARY BLOOD 
30-30 % 94 
36-45 265 OG 
16-55) 14 Lor 

*The per cent of albumin in the venous blood is taken as 100, with which the per cent 


itbumin in the capillary blood is compared, 


DISCUSSION 


The pathologic conditions which can affect the plasma protein concentration 
and different types of anemia and polyeyvthemia which can affect blood hemo- 
vlobin concentrations have been most adequately summarized by Kagan* and 
Phillips and associates.” Henee, these will not be discussed in this report. It is 
venerally agreed that so far as the determination of plasma protein concentration 
is concerned, an abnormal value is a definite proof that one of the physiologic 
conditions controlling the concentration has been disturbed. However, a normal 
concentration cannot be regarded as an absence of any disturbed factor, since 
determination of plasma protein concentration does not take into account a 
hemoconcentration or dilution, 

It has been demonstrated that in animals,” * as well as in man,* an out- 
standing change in plasma protein as a result of protein depletion due to either 
inadequate vitamin,” protein, or caloric intake or owing to a variety of diseases 
is a deerease in the albumin content, even though the total plasma protein con- 
centration may appear normal, It is therefore believed* '" that the determina- 
tion of the per cent albumin in plasma is of greater clinical signifieance than any 
change of plasma concentration. A procedure such as that we have just de- 
seribed should be useful not only for diagnostic purposes but also for field 
studies or public health work, since it permits a rapid and accurate determina- 


on with a relatively small amount of sample. 


SUMMARY 


\ micromethod is described for the determination of hemoglobin, total 
sma proteins, and albumin with 0.2 ml. of capillary blood drawn by finger 
neture. Blood is diluted with 0.85 per cent NaCl solution containing heparin. 

suspension is centrifuged to remove red cells, which are hemolyzed for the 

tiination of its hemoglobin content by means of photoelectric colorimeter. 
total protein nitrogen in the supernatant is estimated by measuring the 
dity of the trichloroacetic acid precipitate. The albumin nitrogen in the 
ernatant is determined immunologically. The difference between the total 


ven and albumin nitrogen is taken as globulin nitrogen. 
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COLD HEMAGGLUTININ TEST BY A SLIDE METILOD 


Nal Cu’u Cuana, M.D.,* axp TsunG CHANG How, M.B. 
PEIPING, CHINA 


HE cold hemagglutinin test recently has been widely used in the routine 

clinical study, particularly in the diagnosis of primary atypical pneumonia. 
As far as we know, all previous workers have used the test tube method employed 
first by Landsteiner forty-five vears ago.'| Recently Young showed that the sen- 
sitivity of the test could be inereased by observing the agglutination under the 
microscope by transferring a drop of cell suspensions to a plain glass. slide.* 
It occurred to us that the test might be performed on a hollow-ground slide on 
which a direet microscopic examination could then be made. The results of the 
comparative study of the slide and the tube methods are herewith presented. 

The preparation of the cell suspensions and the sera was carried out by the 
usual procedures deseribed elsewhere.) ° A preliminary study on the relative 
sensitivity of group 0 erythroevtes from five donors including one of us (Tou) 
was made first. The results of the cold hemagglutinin test with eight sera from 
eight patients tested with cells of these donors were found approximately the 
sume. Thereafter Hou’s cells were used in nearly all of the tests reported in 


this paper. 
THE SLIDE METHOD 


Special medicinal droppers (one drop approximately equivalent to 0.05 ¢.e.) and 


special microslides of 10 by 4 by 0.5 em. were used. On the surface of each slide were ten 
smoothly and evenly ground chambers in two rows measuring 1.5 em. in diameter and 0.2 
1 depth. In each of the ten chambers 1 drop of physiologic saline was placed, and the 

e amount of the serum to be tested was then added to the first chamber. After the 
saline and the serum had been thoroughly mixed in the first chamber, 1 drop of the mixture 
transferred to the second chamber. Similarly, twofold serial dilutions of the serum 
from 1:2 to 1:512 were made. No serum was added to the tenth chamber which served as 
ne control. Finally 1 drop of 1 per cent cell suspensions was added to each of the 


hambers. The slide, after being shaken, was placed in the refrigerator at 0 to 4° C 
t two hours, At the end of this period the slide was taken out from the refrigerator 
el gently, and examined immediately under the microscope with a low power objective. 
‘ell suspension showing barely visible agglutination was taken as the end point 
were recorded in terms of the final dilution of the serum multiplied by two. The 
itv of the test was checked by the disappearance of the agglutination after the 
remained in an incubator at 37° C. for one hour. 
\side from the regular slide method, tests in which dilutions were first made in test 
with pipettes and later performed on the slide were made simultaneously on sixty-two 
mens to determine the accuracy of the dilution by the dropper herein deseribed. The 
ng results were obtained: Thirty-nine out of a total of sixty-two specimens yielded 
ame titers by both methods of dilution. Except for one, the specimens showed a 
ence in titers of not more than twofold dilution; of these, thirteen gave higher 
n tests with pipette dilution and nine in those with dropper dilution. The last one 
a higher titer in the test made with the dropper dilution (fourfold). It seems 
able to conelude that the method of dilution with the dropper is accurate enough for 
al use. 
Krom the Department of Medicine, Chung Ho Hospital. 


teceived for publication, June 7, 1948. 
Present address: Department of Bacteriology and Immunology, Peiping Union Medical 


1447 








1448 CHANG AND HOU 
Among the workers on cold hemagglutinin test there is a general agreement. th: 


it is best to examine the serum-cell mixture by the tube method after refrigeration f¢ 


fourteen to eighteen hours.2. Therefore during the present study many tubes and. slice 


were examined for agglutination after one, two, three, and eighteen hours of refrigerati: 
at 0 to 4° C. Cold hemagglutinin titers nearly always reached the maximum at two hou 


for the slide method and eighteen hours for the tube method, 


RESULTS 


Durine the period between May, 1946, and April, 1948, 509 blood specimens 


were collected from sixty-two normal individuals and 802 patients. 


these specimens was tested according to the slide technique described. 


test was simultaneously performed by Rose’s method. 


summarized in Tables I 


and II. 


Kach o 
The tuly 


The results obtained ar 


TABLE IT, CORRELATION OF CoLD HEMAGGLUTININ TITERS BY SLIDE AND TUBE MeTHop 
SLIDE 
TUBE NEG. 1:4 1:8 1:16 | 222 1:64 1:128 | 1:256! 1:512 |1:1024) Tot 
Neg. 6 5) 65 1S 20) | () 0) 0) 0 19 
1:4 l 2 17 a 17 4 0 0) () () r4 
1:8 2 | pape 31 ~Y qy () () rf) () y 
1:16 () l l * 11 22 1D ] () () () 5 
1:32 0 l () i] 1D 15 7 ] () 0) 14 
1:64 0) () 0) () 2 6 "| 3 rf) () PX 
1:128 0 ( ( it) ] () 6 5 2 () ] 
1:256 () 0 0) 0) () 1 1 | | | X 
1:512 0) () (0) (0) 0 () l () | () 
1: 1024 () 0) 0) 0 ft) () 0) 0) 0) ] 
Total 2g 38 105 128 106 ) 13 = » 2 


Table I shows the correlation of the 


slide and the tube meth 
than the tube method. 


ods. 


cold hemagelutinin titers between the 


There were only ninety-four (18.5 per cent 


It is obvious that the slide method is more sensitive 


specimens 


whose cold hemagglutinin titers were the same by both methods, and eighteen 


(3.5 per cent 





specimens whose cold hemagglutinin titers by slide method were 


TABLE [I]. DISTRIBUTION OF MAXIMUM TITERS OF COLD HEMAGGLUTININS BY SLIDE METHOD 
364 SUBJECTS 
COLD HEMAGGLUTININ TITERS 
CLINICAL GRO NEC 1:4 1:8 L216 iso2 7 264 P3398)! 12256.) 12578 | 1-103 
Normal individual | 6 16 » | 14 } (0) () 0) ( 
Primary atypical 0) 0) () 0) () K | » . 
pneumonia 
Lobar pneumonia l 2 | | 5 0) () () () 
Pulmonary tubercu 2 2 6 zs 0) » () () 0) 
losis 
Lung abscess () | 3 2 2 | () 0 0) () 
Other respiratory 0 ; 6 : 6 | () l 0) (0) 
diseases 
The. pleurisy () ] > S 3 | Q 0 (0) 
and peritonitis 
Kala-azar 11 6 23 IY S y l | () 
Typhus fever () 0) a) 4 l 3 0 (0) 0 () 
Typhoid fever () () | () 3 1 () () 0) () 
Acute epidemic ] l 2 6 oA Ps l 0 0) () 
encephalitis 
Acute epidemic l 3 0 (0) | (0) (0) 0) 0 () 
hepatitis 
Cirrhosis of liver 2 2 } ) 1! 2 7 | () 0 
Anemia () () | 2 3 3 l 0) (0) () 
Bright ’s disease 0) 0) i ; j () () () (0) 0) 
Cancer () 0) 2 2 | 0) (0) () () () 
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lower than those by the tube method. For the remaining 397 (7S per cent 
specimens the slide method gave higher titers: twofold dilution, 141 (27.7 per 
1D per 


cent); fourfold dilution, 156 (30.6 per cent); eightfold dilution, 76 
cent); and sixteenfold dilution, 24 (4.7 per cent). 

From Table IL it seems clear that high titers were rare except in primary 
atypical pneumonia, while low titers were Common in various diseases as well as 
in normal controls. The highest titer of cold hemageglutinins obtained in our 
sixty-two normal individuals was 1:64. Therefore in the present study only 


titers above 1 :64 were considered sientficant. 
DISCUSSION 


From the foregoing study the slide method is shown to be more sensitive 
than the tube method. It is to be noted that the ratio of the cell and serum used 
in the present method is practically identical with that of the tube method. The 
difference in the sensitivity of the two methods as shown by the results presented 
in Table IIL can be explained only by the difference in the method of examining 
agglutination. The exact mechanism of this phenomenon is not vet clear, 

Despite the sensitiveness of the slide method, high titers of cold hemagglu- 
tinins were still uncommon except in primary atypical pneumonia (93.3 per 
cent of fifteen cases). But low titers occurred more frequently in various patho- 
logic and normal sera. It is of some interest that 23.5 per cent of thirty-four 
cases of cirrhosis of the liver and 13.6 per cent of eighty-one cases of kala-azar 
showed significantly high titers of cold hemagglutinins. 


PabLeé LIT, COMPARISON OF SLIDE AND TUBE CoLp HEMAGGLUTININ TITERS BY DIFFERENT 
MetTHODS OF EXAMINATION 


rUBI rITERS 
SLIDI 2 HR. 1S HR. 
\ TITERS GROSSLY MICROSCOPICALLY GROSSLY MICROSCOPICALLY 
Lae ) bea 1:4 Lei6 
1332 0) 1:4 1:4 1:8 
1:16 0) 1:4 1:4 bekG 
1:16 () i) () 1:4 
1:32 0) 0) () 0) 
1:64 0) 1:4 ) 1:4 
1:16 0) 1:4 0) 1:4 
5 1:26 0 1:4 1:4 1:8 
1:32 0) 0 0) 1:4 
() () () () () 


SUMMARY 


A slide method for the determination of cold hemagglutinin titer has been 
cribed which is not only more rapid but also simpler than the tube method. 
loes not require tubes and serologic pipettes. In a very small hospital labora- 

it might be advantageous to escape the necessity of washing tubes and to be 


to start another series of tests after merely rinsing off the slide. 
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APPARATUS FOR PRODUCING QUANTITATIVE ISCHEMLA 
IN THE LIMBS OF ANIMALS 


ARTHUR C. Guyton, M.D., aNp GEORGE L. MILLER, JR., B.A. 
UNIVERSITY, Miss. 


CONTROLLED experimental procedure for producing ischemia in the lim! 
A of an animal is difficult to attain because of physical limitations in the 
methods used. For instance, when a blood pressure cuff around a limb is in 
flated to points above diastolic pressure but below systolic pressure, various 
degrees of ischemia may be achieved but there is no means of quantitation, Pro 
gressive ligation of the arterial supply likewise fails to produce quantitative 
ischemia because of increasing collateral blood flow. This procedure, also, is not 
applicable to short-term experiments. 

To obviate some of the difficulties mentioned, a method has been devised 
which allows the blood to flow unimpeded for a predetermined period and then 
to cease for a predetermined period. This eyele is controlled electronically, and 
it continues to repeat itself indefinitely. Total cessation of blood flow may be 
varied from one-half second to three minutes, and the period of unimpeded blood 
flow may be varied independently between the same limits. Limits different 
from these may be incorporated in the apparatus by slight electrical changes, 
but one-half second to three minutes has been found to be very convenient for 
most purposes. Accuracy of calibration is approximately 5 per cent. 

The theory of the method is rapid inflation of a blood pressure cuff to an 
arterial cutoff pressure and, at the end of a given period, instantaneous deflation 
of this euff to zero pressure. 

The apparatus shown in Fig. 1 consists of a simple electronie unit and 
special magnetic solenoid valve which controls the inflation and deflation of the 
hlood pressure cuff. The electronic cireuit is similar to that of the usual photo 
graphie timer, and this will not be discussed in detail because anyone familiar 
with electronics will understand the diagram. 2 controls the time that electri- 
eal current flows through the solenoid valve, and #3 controls the time that this 
current flow is zero. R17 is located beneath the chassis and is for standardization 
purposes so that the two scales, R2 and R3, may be made to equal each other. 
Once this resistance is set, it is not changed unless restandardization is necessa!’ 

When current flows through the coil of the solenoid valve, the steel plunger 
lifts and opens the inlet valve while closing the escape valve so that air may flow 
from the compressor into the blood pressure cuff. When the current cuts off, te 
plunger falls by its own weight to the bottom of the chamber, closing the in/ect 
valve while opening the escape valve. This allows air to flow unimpeded froin 
the cuff through the escape valve. The tank in series with the compressor 
creases the rapidity of air flow into the cuff as soon as the inlet valve opens. 1 1¢ 

From the Department of Pharmacology, University of Mississippi. 
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reducing valve controls the pressure in the tank and therefore in the cuff during 
its inflated phase; this is set at around 5 pounds pressure which is above arterial 
cutoff but is not sufficient to cause local pressure pain, 

Transition from an inflated cuff to a totally deflated one and vice versa 
occurs in approximately one-fifth second. This results in very little pooling of 
blood in the limb, which occurs markedly when the cuff is inflated to any point 


below svstolie pressure fora lone period of time. 
: | 
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Fig. 1.—Electrical diagram and mechanical drawing of the apparatus for producing 
ntitative ischemia. 

Solenoid valve coil (3,400 turns, #34 R5, 40 megohm, 44 watt resistor 
wire) R6, 20 megohm, 4% watt resistor 
Double pole, double throw plate re- R7, 100,000 ohm, 1 watt resistor 
lay; resistance, 2,500 ohms. C1, 0.1 mfd., 200 volt paper condenser 

ngle pole, double throw toggle switch C2, 10 mfd., 200 volt paper condenser 

ngle pole, single throw toggle switch C3, 0.00025 mfd., 200 volt paper condenser 
000 ohm, wirewound potentiometer C4 and C5, 8 mfd., 175 volt, electrolytic con- 
1 R3, 9 megohm, carbon potentiom- densers 

eters, log taper Tube, 117L7/M7-GT 


000 ohm, 4% watt resistor 


Using this apparatus, one can state in percentage the amount of time that 
blood flows, and various states of ischemia can be reproduced. During the 
se of blood flow there is a compensatory vasodilatation which appears to be 
to six times normal. For this reason significant ischemia does not result 
| the period of zero blood flow is approximately 80 per cent of the eyele. 
en this is inereased to 95 per cent, severe pain ensues both in man and in 
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dogs. Dogs in the second stage of Nembutal anesthesia will unconsciously wai 
when this phase of ischemia is attained and will cease wailing as soon a 


loudly 
Such results may be repeated within narrow limits 


the ischemia is lessened. 
The reactions of animals to ischemia will be further analyzed in experiments 
designed to elucidate the cause of pain in Buerger’s disease, Raynaud's disease, 


immersion foot, and acute poliomyelitis. 


Erratum 
In the article by LeRoy and Nalefskn, ‘* Dicumarol ino Experimental Mvyoeardial th 
| 


the August, 1948, issue of the JOURNAL, Table T should read as follows: 


faretion,’* in 
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CLINICAL RESEARCH 
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lL A STUDY OF PULMONARY HYPERTENSION IN CHRONIC 
HYPERTROPHIC PULMONARY EMPHYSEMA 
CRAIG BorRDEN, M.D., RusseLL H. WiLtsox, M.D.. aNp RicHarp V. EBERT, M.D. 
MINNEAPOLIS, MINN. 
(INTRODUCED BY CECIL JAMES Watson, M.D. 


For many years the presence of pulmonary hypertension in chronic hyper 
trophic pulmonary emphysema has been suspected because of the occurrence 
of right heart failure, the presence of right ventricular hypertrophy at autopsy, 
and electrocardiographie changes interpreted as indieative of right heart strain. 
Recently, the development of venous catheterization and the use of high-fre- 
queney manometers have permitted the accurate measurement of pulmonary 
arterial pressure in patients with this disease. 

In fifteen patients with chronie hypertrophic pulmonary emphysema, the 
average pressure in the pulmonary artery was 33.9 + 10.4 mm. He systolie and 
20.9 + 4.7 mm. He diastolic. This is compared with an average pressure of 
20.1 + 3.7 mm. He systolic and 8.8 + 1.5 mm. He diastolic in twelve normal 
subjeets. The mean cardiae index in the patients with emphysema was 3.38 
0.67 liters per minute and 3.59 + 0.72 liters per minute in the normal subjects. 
Inasmuch as there is no reason to believe that the left auricular pressure is 
elevated in emphysema, this study indieates that the resistance in the pulmonary 

iscular bed is increased. The abnormally high intrapleural pressure which 
s been described in emphysema would account for a small portion of the 
rise In pulmonary arterial pressure. 

A striking feature of the pulmonary arterial pressure in emphysema is the 
piratory variation characterized by a marked decrease in pressure at the 
‘inning of inspiration. 

The severity of the emphysema was evaluated by measurements of vital 
icity, ratio of residual air to total lung volume, pulmonary emptying rate, 
the degree of oxygen unsaturation of arterial blood. There was no definite 
elation between the degree of pulmonary hypertension and the severity of 
emphysema as estimated by these measurements. The development of pul- 
ary hypertension does not appear te be completely dependent upon those 
ors which result in the loss of pulmonary function. 

four of the fifteen patients had definite evidence of right heart failure 
ifested by peripheral edema, hepatomegaly, and a markedly elevated venous 
‘sure. In these four patients, the degree of pulmonary hypertension was not 
ificantly different from those without right heart failure. The development 
or pulmonale and right heart failure in pulmonary emphysema does not 
ear to be a consequence solely of the pulmonary hypertension but probably 
olves other factors such as chronic anoxia. 
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2. STUDIES ON CARDIORESPIRATORY FUNCTION WITIL THE 
OXYHEMOGRAPH 


BEN E. GoopricH, M.D... Vivian G. BEHRMANN, PH.D. (By INVITATION), AND 
FRANK W. Hartman, M.D. (By Ixvirratrion), Derrorr, Micu. 


Preliminary studies with the oxvhemograph have been conducted on pi 
tients subject to varving degrees of dyspnea resulting from cardiae or respira 
tory disabilities. Young, apparently healthy adults also were tested. 

Continuous recording of the oxygen saturation of circulating hemoglobin 
was afforded through the use of the oxvyhemograph deseribed by Hartman, 
Behrmann, and Chapman. The initial arterial oxvgen saturation at rest was 
ealeulated from calibration after the patient produced a stabilized level while 
breathing 100 per cent oxygen. After standardization, the subjects were tested 
in atmospheric oxygen by simple exercises of breath holding and knee bendine 
while supine and erect. The resultamt tracings were charted for comparison 
using arbitrary time intervals and percentage levels. 

Results of these tests reveal differenees in the degree and duration of 
changes in arterial oxygenation in various individuals. Healthy adults, asymp 
tomatic in daily life, varied greatly in the extent of lessened oxygenation pos 
sible by voluntary breath holding. Well adults showed moderate variation in 
the per cent increase in the blood oxygen saturation concomitant with exercise, 
although cessation of exercise uniformly resulted in an immediate depression of 
oxyhemoglobin to or below the atmospherie level. The return to normal was 
prompt. The exercise was not of a degree that exhausted the subject. In 
patients under similar tests exercise was not associated with increased oxyhemo 
globin. Patients often exhibited marked hypoxemia with a delayed recovery. 
Not infrequently recovery was stairstep-like in appearance. 

These findings indicate that both the degree of arterial unsaturation and 
the character of the recovery curve may be of clinical significance. The post 
exercise curve may vary as to whether recovery is spontaneous or aided by the 
administration of 100 per cent oxygen. Charts present typical oxyhemogranis. 
sronchospastic dyspnea is contrasted to structural respiratory disability. Pa 
tients with decreased cardiac reserve show abnormal curves. In these patients 
abnormal curves may be recorded even though symptoms are denied. 

These preliminary studies indicate that the oxvhemograph together with 
simple tests may prove useful in the differential clinieal evaluation of eardio 
respiratory function. 


38. THE PHYSICAL MECHANISM OF FIBROTIC. REACTIONS 
Siuas M. Evans, M.D., AND WALTER ZEIT, PH.D., MILWAUKEE, WIs. 


(INTRODUCED BY WILLIAM S. MIDDLETON, M.D.) 


Quartz, cholesterol, and tuberculosis produce fibrous reactions in tiss 
which differ quantitatively but not qualitatively in histology. This has been di 
onstrated experimentally by others. The symbiotic ~elationships between qua 
and tuberculosis phospholipid have been repeatedly demonstrated. 

Fibrous tissue reactions are currently considered as protective agai) 
toxins and poisons in solutions. It is pointed out that fibrous tissue is 1 
qualified physiologically as a barrier against substances in solution. Fibro.s 
elements are adapted to confine stress in the physical sense. In health a: | 
disease, fibrosis contributes physical support to the biologie economy. 
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The architecture of fibrous tissue reaction conforms with Newton's equa- 
tions of force. This is demonstrated by slides of biologie preparations com- 
pared with foree field preparations using magnets and iron filings. 

Many irreconcilable objections are recognized by those who have reviewed 
the solubility theory of silicosis. These are enumerated. These objections are 
reconcilable with another basie noncehemical mechanism, 

A seareh for phy sical properties common to fibrosive materials has revealed 
that there is a direct relationship between the fibrosive properties of a substance 
and its solid state molecular svmmetry. Detailed reports are in press at the 
present time elaborating this point. 

Those substances whieh exist in a state of molecular asymmetry compatible 
with piezoelectric reactions are observed to produce fibrosis. Piezoelectricity iS 
a mechanism whereby mechanical and electrical energy states may be converted 
from one to the other in either direction. A more detailed definition of piezo- 
electricity is presented. 

One phase of our present study is presented. Barium titanate was selected 
hecause of its spectacular piezoelectrie properties, its lack of solubility, and the 
absence of elemental silicon in its chemieal makeup. The preparation of ani- 
mals is deseribed and the results obtained are presented, with the use of slides 
and tables. 

A reference is made to the seope of the present problem and reports now 


in press. 


Conclusions.—(1) Fibrosive properties and piezoelectric properties of mate- 
rials introduced into tissues are directly correlated. 
2. The fibrosive potential of a material selected on the basis of its physical 


properties alone has been demonstrated. 


1| THE EFFECT OF THE ANTICOAGULANT DRUGS UPON THE 
CORONARY FLOW 


N.C. Ganpert, M.D... AND LESTER NALEFSKI, M.D. (By INvIratiIon ) 
CmIcaeco: Tis. 


During the last few years the anticoagulant drugs, heparin and Dicumarol, 
e been shown to have a favorable effeet upon coronary occlusion, Mortality 
heen greatly reduced and peripheral vascular accidents have been made 
ch less frequent through the use of these drugs. It does not seem altogether 
onable, however, that these results are due to the anticoagulant action of 
se drugs alone. When the case reaches the attention of the physician, the 
ision and infaret are already an accomplished fact. Anticoagulant therapy 
not alter the already formed thrombus, whatever effect it might have upon 
ie thrombotie processes. There is no detinite evidence that the clot propa- 
vs or extends, except on rare occasions, and there is a great deal of evidence 
the clot does not propagate. It has been shown also that many instances 
eclusion are initiated by a subintimal hemorrhage. According to Wartman, 

latter comprise at least 18 per cent. 

Our own clinical results with coronary vasodilator drugs, such as amino- 
‘ine, followed by oral preparations of the xanthines, closely parallel the 
ilts obtained by others with anticoagulant therapy. 

In experimental work upon animals and upon the empty beating heart, 
have been able to show that the use of either heparin or Dicumarol increases 
coronary flow volume. With heparin the effect varies from no effeet to 
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a moderate effect, depending upon the preparation. Dicumarol, however, has a 
very definite effect upon the coronary flow. The effeet is equal to that of th 
xanthines, and apparently lasts longer. We believe that the favorable effects 
resulting from the use of these drugs are primarily due to their action in in 
creasing the coronary flow. 


9. CORRELATION OF ELECTROCARDIOGRAPHIC AND PATHOLOGIC 
FINDINGS IN INFARCTION OF THE INTERVENTRICULAR SEPTUM 


GORDON B. Myers, M.D., Howarp A. KLEIN, M.D. (By INviration), AND 
ToMINARU Hirarzka, M.D. (By INviratrion), Detrrorr, Mici. 


In a consecutive series of 161 patients with pathologically established myo 
cardial infarction with Wilson precordial, standard and Goldberger limb leads, 
infaretion of the interventricular septum was demonstrated in 102 patients and 
was accurately localized by means of coronary injection with radiopaque mass, 
rventgenogram, and multiple microscopic blocks. The cases were classified into 
three groups according to distribution of the pathologie lesion: (1) infarction 
largely confined to the septum, nine cases, (2) septal extension of anterior 01 
anteroposterior infarction, sixty-nine eases, (3) septal extension of posterior in 
faretion, twenty-four cases. 

The electrocardiogram furnished suggestive or diagnostic evidence of septal 
infaretion in all patients in group 1, in SO per cent of group 2, and in only 33 
per cent of group 3. This evidence was derived from the precordial leads in 
all but three instances in which it was obtained from aVy. The standard leads 
were ot no help. Diagnostic failures were prone to occur when the septa! 
portion of the infarct was limited to the posterior half or to the apical third o1 
the septum. The electrocardiographie findings were classified as follows: 

1. Complete auriculoventricular block due to acute posteroseptal infarct 
was present In two patients. 

2. QRS-T abnormalities diagnostic of infaretion of the anterior portio! 
of the septum were found in right precordial leads of forty patients. Thess 
comprised (1) right bundle branch characterized by an abnormal Q wave and/o1 
elevated RS-T junction in V,., in thirteen patients; (2) triphasic qrS compley 
of normal duration in V, . in five patients; (3) QS complexes and upward RS-T 
displacement in leads over the right atrium, accompanied by abnormal Q waves 
in leads farther to the left, in twenty-two patients. QRS-T abnormalities 
V,,2 that were considered suggestive, but not diagnostic, of septal infaretio! 
were found in eighteen other instances. An abnormal QS or qrS compl 
referable to infaretion of the posterior portion of the septum was recorded 
lead aVy as a result of horizontal cardiae position in seven patients. 

3. Left bundle branch block was present in four instances, but was attri 
utable to septal infarction in only one. Patterns characterized by QRS pi 
longation, an initial downstroke, and late intrinsicoid deflection in left axilla 
leads were present in ten patients, but were ascribed to subendocardial ante) 
lateral infarction rather than the septal lesion. 

4. Signs of anteroposterior infarction, considered presumptive of invol\ 
ment of the intervening septum, were present in nine additional patients. 

The correlation of electrocardiographie and pathologie findings will 
brought out by case presentations. 
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6. BEDPAN DEATHS 


JOHNSON McGuire, M.D., RoBeERtT GREEN, M.D. (By INVITATION 
Sanrorp R. Courter, M.D. (By INviration), JEAN NOERTKER, A.B. 
(By INVITATION), ARNOLD IGLAUER, M.D., Virgin. HAUENSTEIN, M.D., AND 
JOHN BRAUNSTEIN, M.D. (By INVITATION), CINCINNATI, OHIO 


The notorious frequeney of sudden and unexpected deaths of patients while 
using bedpans in hospitals has been commented upon for many years. 

In an attempt to discover the factors responsible for such deaths, the autopsy 
protocols and clinical records of patients in the Cincinnati General Hospital who 
died on bedpans and were autopsied have been reviewed for the ten-vear period 
from 1986 to 1946. inclusive. 

A second approach to the problem of determining the causes of death in 
such cases has been the measurement of alterations in cireulatory dyvynamies 
accompanying simulated efforts of normal individuals and patients with organic 
heart disease to move the bowels. 

The precise mechanism of death in the twelve cases examined at  post- 
mortem (all with organic heart disease) was determined in only three instances : 

1) ruptured aortic valve, (2) pulmonary embolism, (8) ruptured dissecting 
aneurysm. 

Intravascular pressures measured by strain gauges and graphically re- 
corded in normal subjects and patients demonstrated marked rises of pressure 
during the initial phase of bearing down within the femoral artery, left ventriele, 
pulmonary artery, right ventriele, right auricle, and peripheral veins. Toward 
the end of the strain a fall in blood pressure occurred ; subsequently a marked 
rise of pressure developed. 

Kleetrocardiographie tracings in twenty-five normal subjects during strain 
showed first bradveardia. then marked tachyveardia. Following cessation of 
strain, marked bradyeardia developed. Migration of the pacemaker and_ pre- 
mature contractions occasionally were noted. Patients with organie ecardio- 

iscular disease showed few such changes. 

Since the cause of death frequently is not found at autopsy, it is believed 
that eardiae arrhythmias or cardiac standstill may be the usual cause of bed- 
an deaths. 


Measures to combat such deaths are sueeested., 


EMETINE THERAPY IN THE PRESENCE OF HEART DISEASE 
W. A. Sopeman, M.D., NEw ORLEANS, La. 


Klectrocardiographie changes occur in 25 to 50 per cent of patients with 
rmal hearts under emetine therapy, and the drug is generally considered con- 
indicated in the presence of heart disease. We have studied eight patients 
vhom advanced heart disease was present and to whom emetine was admin- 
red because hepatie amebiasis was a greater threat to life than was the heart 
ase. In five, closed drainage also was performed. All were at bed rest. Five 

arteriosclerotie heart disease, two being at the time under digitalis therapy. 
‘had, in addition, hypertension and known previous congestive heart failure. 
e had congenital heart disease with interventricular septal defect and bundle 

ich block; another, rheumatie heart disease with mitral stenosis. Six 
wed abnormal electrocardiograms before emetine therapy was started. Under 
mtrolled regimen of treatment, with emetine dosage based upon body weight 
ug. per kilogram body weight daily, not to exceed ten days), none of the pa- 
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tients developed symptoms or signs of heart failure. Only one showed additiona 
electrocardiographie changes attributable to emetine. One death oceurred thre 
months and another one year following therapy, both from other known causes 
In all patients the amebiasis was effectively controlled. 

Despite usual warnings that emetine should not be administered to cardiac 
patients, dangers from hepatic amebie disease at times outweigh those that may 
result to the heart from emetine and treatment should be instituted. The added 
risk in the use of emetine under these circumstances, when its need is ereat 
must be accepted. Adjustment of dosage schedules to fall within 1 me. per kilo 
gram body weight daily for ten days was, in the eight patients cited, effectiv: 
for the amebiasis and was accompanied by no demonstrable adverse effects or 
the already damaged cardiovascular system. The use of emetine in the presence 
of heart disease is discouraged except when necessary for forms of amebiasis 
endangering the patient's life and not effectively treated otherwise. 


S. THE PRESIDENTS ADDRESS 
9 THE PATHOGENESIS OF ACUTE BACTERIAL LYMPILEADENITTIS 


RaLepH ©. Smiry, M.D. (By IxviratioxN). axp W. Barry Woop. Jr. M.D. 


Str. Louis, Mo. 


In an effort to clarify the role of lymphatic tissue in antibacterial defenss 
a study has been made of the cellular reactions in popliteal lymph nodes of rats 
inoculated in the foot pads with Type 1 pneumocoecus. 

Acute pneumococeal lymphadenitis is characterized by rapid infiltration o 
polymorphonuelear leucocytes into the intermediary sinuses of the node and 
prompt phagocytosis by both the macrophages of the sinuses and the recent! 
arrived leucocytes. By seven hours the polymorphonuclear leucocytes ar 
found densely congregated about the hilar region, and nine hours after it 
aeulation the phagocyted organisms have heen digested and pneumococei ar 
no longer seen in the node. At the end of twenty-four hours the node presents 
the picture of a subsiding inflammation with a marked macrophage reactio 
and regenerating follicles. 

By eradication of hilar blood supply, direet intralymphatie injection o 
pneumococci, and analysis of cells in afferent Ivmph, it has been shown that 4 
majority of polymorphonuclear Jeucocytes entering the intermediary sinuses 
come from capillaries lining these sinuses, whereas the leucocytes present in t 
subeapsular sinus come from the primary inflammatory focus in the footpa: 
as well as from capillaries of the capsule and the subeapsular portions of 
follicles. 

Phagocytosis ot pneumococel in the foot pad and popliteal node oecurs 
less than thirty minutes after moculation. Because of the promptness wit 
which the phagocytic reaction takes place, and because of the large surface arm 
afforded the leucocytes by the nodal sinuses and interstitial tissues of the fo 
pad, it is assumed that the same nonantibody mechanism of ‘*surface phagocyt 
sis’’ is involved as that previously described in experimental pneumonia. 


Fibrin formation in the sinuses of the node is rare. This finding may 
related to the observation that five minutes after inoculation, mast cell eranul: 
which are known to contain herapin, are strewn throughout the sinuses of 1 
node. The mast cells become vacuolated and almost devoid of eranules: lat: 
their granules appear to regenerate. 

These studies indicate that, early in the course of acute infection, bacte 
reaching a regional lymph node elicit a prompt leucoeytie response in the no 
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The resulting enhancement of filtration due to the congregation of leucoeytes in 
the hilar sinuses and the immediate phagocytosis of bacteria in the absence of 
opsonin lead to rapid destruction of invading organisms. Thus an acutely in- 
flamed Ivmph node, so frequently regarded as a passive filter, in reality plays 
an active role in antibacterial defense, 


10. ANTIBODY FORMATION IN TUMAN SUBJECTS FOLLOWING 
THE INGESTION OF HEAT-KILLED BRUCELLA ABORTUS 


ABRAHAM I. Braupr, M.D., AaNv Davip Coup, B.S., MINNEAPOLIS, MINN. 


(INTRODUCED BY WESLEY W, Spink, M.D.) 


The agelutination test is used widely in the diagnosis of brucellosis. Cau- 
tion must be exercised in its interpretation, however, because agglutinins are 
known to appear in the sera of persons without brucellosis. Kisele and MeCul- 
lough have found that positive Brucella agelutination tests develop following 
cholera vaceination, This probably accounts for only a small percentage of 
false positive reactions. At the University Hospitals, Aagaard has observed 
that Brucella agglutinins were present in 9.3 per cent of blood samples ob- 
tained from consecutive rural patients who were being studied in a dispensary 
service for various cases. The following investigation was undertaken to deter- 
mine whether the repeated ingestion of nonviable Brucella organisms in milk 
would produce demonstrable agelutinins in the serum. 

A preliminary study disclosed that no agglutinins appeared in the sera of 
euinea pigs following the oral administration of 100 billion heat-killed Bru- 
cella abortus organisms in single or divided dosages. The same dose was then 
eiven in aqueous suspension to twenty-three human volunteers in a_ single 
feeding and it was found that serum agelutinins had developed in four sub- 
jects. An attempt was made next to approximate the naturally oecurring ¢ir- 
cumstances whereby Brucella enter the gastrointestinal traet in pasteurized 

ik. This was accomplished by the daily feeding to thirty-six hospital patients 
100 million heat-killed Brucella organisms in pasteurized milk obtained from 
Brucella-free herds. After ten to twenty feedines, during periods of two to 
r weeks, significant titers of agglutinins were detected in eleven of the thirty- 
x persons, When the total number of ingested Brucella was reduced to one 
ion daily, it was found that one of eight additional patients showed a rise 
titer, In a total of sixty-nine individuals, agglutinins were produced in 
teen following the ingestion of nonviable Brucella under these varying con- 

ons. Titers ranged from 1:20 to 1:640. 

The ability of dead Brucella to sensitize the skin to Brucella antigens was 

stigated in eighteen persons who ingested 100 million organisms daily for 

to twenty feedings. Sixteen of the eighteen had negative skin tests with 
cellergen antigen after the feedings were discontinued. Two persons with 
tive tests at the beginning of the experiment showed no alteration in skin 
itivity as a result of the feedings. The sera of thirteen subjeets in whom 
itinins for Brucella had appeared were also tested for opsonins before and 

' the ingestion of Brucella. In seven of these, there was an increase of ten 

inety over the initial opsonoeyvtophagie index. 

rom these results it is concluded that the oral ingestion of nonviable 
cella may give rise to the production of agglutinins or opsonins but not to 
acquisition of dermal hypersensitivity. This is offered as one explanation 
he fairly high ineidence of agglutinins in the blood of asvmptomatie persons 
} inhabit areas where Bang’s disease is prevalent in cattle. Under naturally 
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occurring conditions these dead organisms may be ingested in pasteurized mill 
or may result from the action of gastric juice on living organisms which ente 
the stomach in raw milk. Data have been accumulated demonstrating thi 
marked anti-Brucella action of human eastrie juice. 


11. THE DEVELOPMENT OF STREPTOMYCIN-RESISTANT 
BACTERIA IN THE STOOLS OF PATIENTS TREATED 
FOR TUBERCULOSIS 


Morton HamBurcer, M.D., Jerome R. Berman, M.D. (By INvitrarion 


AND ANGELINA Faprizio, M.S. (By INviratrion), CINCINNATI, OHIO 


The development of streptomycin-resistant pathogens during streptomycit 
therapy has been demonstrated often enough to establish this phenomenon as a 
serious therapeutic and public health risk. However, no studies have been made 
of the effect of streptomycin therapy on bacteria which normally lead a sapro 
phytic existence in the body but which are nevertheless potentially pathogenic 
To investigate this problem, studies have been made of the streptomyein r 
sistance of coliform bacilli in the stools of patients given streptomyein for 
various types of tuberculosis. 


Samples of stool were obtained when possible prior to therapy, and 
various intervals during and after therapy. Saline suspensions of the stool wer 
streaked on each of two plates: an eosin-methylene blue plate and a similar 
plate containing 100 ,@ streptomycin per eubie centimeter. Growth was 1 
corded after twenty-four, forty-eight, and seventy-two hours of incubation: 
photographs of the plates were made, and representative colonies were picked 
for more accurate determination of streptomyvein resistance in a serial dilution 
test. 

The study ineluded seven patients with miliary tuberculosis, eleven wit! 
nonmiliary pulmonary tuberculosis, six with tuberculous peritonitis, and. thre 
with tubereulous pericarditis. All received 1 or 2 Gm. of streptomycin dail 
intramuscularly for one to twelve weeks, but no streptomyein by any other 
route. 

Colon or aerogenes bacilli which grew freely in 156 to more than 2,500 j2 
streptomycin per cubie centimeter of medium appeared during treatment in tli 
stools of six out of seven patients with miliary tuberculosis and in four of si: 
patients with tuberculous peritonitis, but in no case of pericarditis and in onl) 
one of eleven cases of nonmiliary pulmonary tuberculosis. Sensitive strains 
from these patients were inhibited by 0.6 to 2.4 ne per eubie centimeter. 

The ecologic relationship in the stool between sensitive and_ resistant 
variants was interesting. Though sometimes the resistant forms entirely 1 
placed the sensitive strains during treatment, sensitive bacilli returned aft 
cessation of therapy and usually ultimately completely replaced the resisti 
forms. This phenomenon was not a reversion of resistant to sensitive varian 
nor a manifestation of ‘‘streptomycin-dependeney,’’ because resistant. strai 
retained their resistance after more than 100 passages in streptomyecin-{) 
broth and after twelve passages through untreated mice. 

In two patients with tuberculous peritonitis, resistant bacilli decreased 
number or disappeared during the stage of elinieal improvement while 
patients were still receiving streptomvein. 
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12, BACTEREMIA FOLLOWING TOOTH EXTRACTION; 
PREVENTION WITIL PENICILLIN AND 
3,4-DIMETILY L-5-SULFANILAMIDE-ISOX AZOLE 
(GANTROSAN 


PauL S. R#oaps, M.D., AND WARREN R. ScuHraM, D.D.S. (By INVITATION ) 


Carcago. Ti. 
WITH THE TECHNICAL ASSISTANCE OF DORIS ADAIR 


The present study was undertaken with the following objectives: (1) To 
confirm the contention of other investigators that a temporary bacteremia can 
be demonstrated in a fairly high percentage of persons immediately after tooth 
extractions. (2) To learn, if possible, which teeth are most likely to cause bae- 
teremia when extracted or traumatized. (3) To determine the effectiveness of 
penicillin and a new sulfonamide, 3,4-dimethyl-5-sulfanilamide-isoxazole (Gan- 
trosan), in preventing the blood stream dissemination of bacteria. 

One hundred twenty-two blood cultures were done immediately after teeth 
were extracted either because the teeth were infected or to prepare the gums 
for full dentures. In a group of twenty-eight the patients received intra- 
muscular procaine penicillin in oil (300,000 units) two hours before extraction 
and the blood culture was positive in two (7.2 per cent). In a group of eight 
patients receiving 100,000 units of penicillin in aqueous solution two hours 
before tooth extraction there were no positive blood cultures. Eighteen blood 
cultures were from patients who received 2 Gm. of Gantrosan orally two hours 
before tooth extraction, and none of these were positive. Thus in the entire 
protected group the incidence of temporary bacteremia was 3.7 per cent. In 
the control group of sixty-eight in which the patients received no preoperative 
medication, 35.8 per cent of the blood cultures were positive for nonhemolytie 
streptocoeel. 

Quantitative cultures were made of the snipped-off roots of the teeth ex- 
tracted. The bacterial counts of the teeth removed in the protected and non- 
protected groups were approximately the same. In attempting to correlate the 
roentgen appearance of the teeth with bacterial counts of the root ends and 
ncidence of postoperative positive blood eultures, no constant relationship 

uld be determined. Frankly abscessed teeth were associated with  post- 
xtraction bacteremia a little more often than roentgenographically negative 
eth, but in many instances bacteremia resulted from extraction of the latter, 

The extreme importance of protecting persons with known valvular heart 

sease with penicillin or sulfonamide before tooth extractions is obvious. To 
on the safe side the procedure should probably precede all tooth extractions. 
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138. RELATIONS BETWEEN VOLUMES OF CLOSED 
HYPOTHERMAL CEREBRAL LESIONS AND 
SYMPTOMS IN RABBITS 


C. Bruce TAyuor, M.D. (By INVITATION), GEORGE M. Hass, M.D., ano 
JoHN EK. MALoney, M.D. (By Invitation), CHIcAGo, Iu. 


Acute closed cerebral lesions characterized by hemorrhage, necrosis, and 
progressive edema were produced hypothermally in rabbits without interrupting 
the continuity of the calvarium or introducing variables incidental to mechanical 
trauma. The dimensions and locations of lesions in the cerebrum were con 
trolled so that they could be reproduced topographically and quantitatively in 
successive animals. Although hemorrhage, edema and necrosis varied slightly 
in lesions which were otherwise identical, the variations were restricted to 
diserete volumes of injury. 

When unilateral or bilateral lesions of the cerebrum occupied less than 94 
volumes per cent of the brain, symptoms were negligible. When the lesions 
oceupied 9.4 to 18.5 volumes per cent of the brain, severe symptoms developed 
in many animals. The data indicated that the minimum lethal volume of cer 
bral damage in 50 per cent of more than one hundred animals was 14.8 per cent 
of the volume of the brain. Severe clinical courses with an average postoperative 
duration of about seven hours and fatal termination always occurred when thi 
lesions vecupied more than 18.5 volumes per cent of the brain. A ereat majority 
of the animals that died had a normal postoperative period of behavior. See 
ondary lapse into stupor was a dependable indication of impending coma and 
eventual death within twenty-four hours after the time of completion of thi 
operation. 

These data indicate that a quantitative experimental approach to the prob 
lem of treatment of acute expanding closed intracerebral lesions characterized 
by local necrosis, hemorrhage, and edema can now be made. The postoperativ: 
duration of life can be predicted from the magnitude of the lesions which ar 
produced and this duration is sufficient to permit evaluation of most therapeuti 
methods now used empirically in the treatment of acute expanding closed intra 
cerebral lesions in human beings. 


14. PARA-AMINOBENZOIC ACID THERAPY IN SCLERODERMA 
AND LYMPHOBLASTOMA CUTIS 
Curis J. D. ZARAFONETIS, M.D., ANN ARBOR. MICH. 


(INrRODUCED BY FRANK HH. Beruen., M.D. 


Previous reports have dealt with the effects of para-aminobenzoie acl 
(PABA) in leueemia, lupus erythematosus, dermatomyositis, and dermatit 
herpetiformis. The purpose of this communication is to deseribe the results ¢ 
PABA therapy in patients with scleroderma and with lymphoblastoma  euti 
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The patients used in this study were made available by Dr. A. C. Curtis, Pro- 
fessor of Dermatology at the University of Michigan Medical Sehool. 

Five patients, presenting a wide range of sclerodermatous involyment, were 
treated with sodium (NaPAB) and/or potassium (KPAB) para-aminobenzoate. 
Improvement occurred in four and was most evident in the more extensively 
involved patients. The selerodermatous areas gradually softened and became 
thinner with consequent increase in range of motion of the affected part. The 
fifth patient developed drug fever and therapy was discontinued, 

Similarly, five patients with Ivmphoblastoma cutis were treated with 
NaPAB. All experienced relief from pruritis and objective improvement of the 
skin. This was characterized by diminution in erythema and infiltration. 
Treatment with NaPAB was discontinued in all five because of the development 
of edema. One of these patients was changed to KPAB therapy with loss of 
edema and striking improvement. Treatment was maintained for nine months 
in this subjeet. Of ineidental interest has been the concomitant darkening 
during therapy of the patient’s previously g@ray hair. 

Administration of large amounts of PABA compounds results in glycosuria. 
This may not be verified in fermentation tests since the concentration of PABA 
in the urine of these patients will inhibit veast fermentation activity. 

All other forms of therapy for their respective disorders had been attempted 
in these patients before PABA therapy was undertaken. It would seem, there- 
fore, that PABA has a practical, though limited, value in the treatment of 
scleroderma and lymphoblastoma cutis. More important, perhaps, is the pos- 
sibility that further study of PABA may vield information as to the mechanisms 
involved in these and related conditions of unknown etiology. 


Ib. THE INHIBITORY EFFECT OF NITROGEN MUSTARD (BIS BETA- 
CHLOROBRTHYL AMINE) ON THE DEVELOPMENT OF HUMORAL 
ANTIBODIES, CUTANEOUS HYPERSENSITIVENESS, AND 
VASCULAR LESIONS INO RABBITS FOLLOWING 
INJECTIONS OF HORSE SERUM 


SAMUEL C. BuKANTZ, M.D. (By INVITATION), GUSTAVE J. DAMMIN, M.D.. 
KeritH S. Wiuson, M.D. (By INVITATION), AND Mary C. JoHNSOoN, A.B. 
(By InvitaTIOon), St. Louis, Mo. 


The vascular lesions that appear in the rabbit following the injections of 
orse serum are similar to those observed in certain diffuse vascular diseases in 
in. The latter are believed by some to result from hypersensitiveness. Be- 
ise of these similarities, the pathogenesis of the experimental lesions has been 
tensively investigated. The relationship of humoral antibody and cutaneous 
persensitiveness to the vascular lesions is still to be defined. Conflicting 
ports have been published concerning the influence upon the vascular lesions 
various agents believed to affect antibody formation, antigen-antibody 
mbination, or the cellular effects of the latter. 

Antihistaminics were used in our initial attempt to modify the vaseular 
sions. Neither Benadryl nor Neohetramine was observed to affect the lesions, 
e development of antibodies, or cutaneous hypersensitiveness. 

Because of the ability of sulfur and nitrogen mustards to suppress antibody 
mation (Hektoen and Corper, Phillips and co-workers and Spurr), we in- 
stigated the effeet of bis beta-chloroethyl amine (HN.) on the formation of 
tibody as well as on the development of cutaneous hypersensitiveness and 
iscular lesions. 
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A group of rabbits weighing 2.0 to 2.5 kilograms were given, at four-day 
intervals, a total of seven intravenous injections of 0.5 mg. HN. per kilogram 
Two days after the third injection, each received 10 ¢.c. of horse serum pei 
kilogram intravenously. A second group of rabbits received an identical dos 
of horse serum at the same time, but was not treated with HN.. Two days after 
the seventh mustard injection and fourteen days after the serum injection, all 
animals were skin-tested with varying amounts of horse serum after which they 
were sacrificed. Blood serum samples obtained one week after injection ot! 
horse serum and again at the time of sacrifice were studied for the presence 
of horse serum antigen and antibody by precipitin tests. Pooled terminal serums 
of the two groups were separately analyzed quantitatively for total antibody 
nitrogen. 

A marked leucopenia and moderate bleeding tendency developed in the 
HN, treated animals but they otherwise appeared healthy and gained weight 
Antigen persisted the same length of time in the untreated as in the treated 
rabbits. Antibody appeared after one week in the control animals but not until 
the end of the second week in the mustard-treated group. In the pooled terminal 
serums of the control group 0.062 me. antibody nitrogen per milliliter was 
present and but 0.031 me. in the treated. There was moderate suppression of 
skin hypersensitiveness in the HIN. treated group. Eighty per cent of the con 
trol group developed arterial and endocardial lesions whereas there were no 
vascular lesions observed in the treated animals. 

While the data suggest that humoral antibody is important in the patho 
genesis of the experimental vascular lesions, this has not vet been completely 
established, in view of the known effect of HN, upon protein struetures and 
enzyme systems other than those involved in antibody formation. In this regard 
we have found that HN, in vitro had no effect upon the precipitation of rabbit 
antihorse serum by horse serum. 

Summary. —The nitrogen mustard, bis beta-chloroethyl amine, was observed 
to suppress the development of humoral antibodies, cutaneous hypersensitiveness, 
and the vaseular lesions in rabbits induced by horse serum. 


16. EFFECT OF RUTIN UPON THE RESORPTIVE TOXICITY 
OF CERTAIN DRUGS 


R. K. RicHarps, M.D., Nortsa CuHicaco, IL. 


Attempts to demonstrate an effect of rutin upon the capillaries by experi 
mental methods have met with but limited suecess. Recently, reduction 0! 
trypan blue diffusion after local irritation of the skin of rabbits has been de 
scribed (Ambrose and DeEds, J. Pharm. 90: 359, 1947), and also the preventio1 
of irradiation injury in rats (Griffith and co-workers, Proce. Soc. Exper. Bio 
& Med. 64: 332, 1947) 

These procedures do not lend themselves readily to a quantitative measur 
of rutin action. 

A new approach to this problem is based upon our early observation tha 
sodium bisulfite in small concentrations (0.1 to 0.4 per cent) greatly increased 
toxicity of epinephrine or procaine if added to the drugs and injected intra 
muscularly or subcutaneously, but not intravenously. This ‘‘bisulfite phenom 
enon’’ was shown to be due to a local effect upon the capillaries by the bisulfit: 
ion causing a faster absorption rate. Only drugs having a wide margin betwee! 
the intravenous and the subeutaneous or intramuscular toxicity show a positiv: 
bisulfite phenomenon. 
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If rutin is injected intravenously in rats prior to the administration of the 
toxie drugs to which sodium bisulfite has been added the inereased toxicity of 
epinephrine is greatly reduced without affecting the toxicity of epinephrine as 
such. This procedure permits a quantitative estimation of rutin action upon 
the eapillaries. 

A similar effect could be demonstrated against the increased toxicity of 
procaine caused by sodium bisulfite. Tlowever, in contrast to the observations 
with epinephrine, rutin also deereased toxicity ot plain procaine solutions. It 
was shown that high concentrations of procaine exert a dilating effeet upon 
capillaries which is antagonized by rutin. 

Definite reduction of toxicity by previous rutin administration could also 
be shown with strychnine, but little, if any, with Metrazol. The former of 
these two drugs has a much greater margin between the intravenous and the 
intramuseular toxicity than the latter, thus the prolongation of the absorption 
produced by rutin permits the detoxification of the drug to become partially 
effective. The deseribed procedures permit the use of bisulfite phenomenon, 
and the decrease of the absorptive toxicity of certain drugs, as a tool for further 
research on rutin on other drugs with specifie effeets upon the capillaries. 


EFFECT OF SEDATIVES ON URINARY VOLUME OF 
PREGNANT WOMEN 


WILuIs EB. Brown, M.D., J. T. BRADBURY, Sc.D., AND Otro F. KRAUSHAAR, M.D. 
Iowa City, Iowa 


(INTRODUCED BY W. M. Fow er, M.D. 


One of the cardinal findings in toxemia of pregnaney is edema. In a 
previous communication before this Society, we reported the effectiveness of 
various diuretic agents in the mobilization and exeretion of sodium and water. 
This paper reports our observations on the antidiuretic effeet of morphine and 
‘ther sedative drugs in pregnant women. 

A series of patients was given a constant intravenous infusion for five hours 
and hourly urine specimens were obtained for eight hours. On test days these 
patients were given injections of a sedative, and the effect on the urinary output 
and chloride exeretion was measured. Morphine reduced the urinary output by 
() per cent without any significant alteration in total urinary chlorides. The 
luid retention was further manifested by a transitory inerease in body weight. 

Another series of patients was given oral fluids as a liquid breakfast of 
000 ¢.e. during the hour of 7:00 to 8:00 a.m. The urine volumes were then 

easured at hourly intervals for four hours. On test days the sedative was 
‘ministered one hour after the liquid breakfast. Morphine, Demerol, codeine, 

nd Amytal caused similar depression in urinary volume. Paraldehyde and 
ertin have not been found to have an antidiuretic effect. 

DeBodo reported that morphine caused a release of the antidiuretic hormone 

m the pituitary in dogs. Studies were undertaken to determine the mech- 
ism of this antidiuresis in women. The similarity of response by normal 
hjects and patients with diabetes insipidus to morphine suggests that this 
tidiuretie effect is not mediated through the posterior pituitary. Sinee hyp- 
tie sleep did not induce this response, it is apparent that the antidiuresis 
s effected by some mechanism other than sleep itself. 

These observations suggest that morphine and similar drugs should be used 

th eaution in edematous states. Tables and graphs will present these data. 
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18. EVALUATION OF NEUROGENIC AND HUMORAL FACTORS 
IN BLOOD PRESSURE MAINTENANCE IN NORMAL AND 
TOXEMIC PREGNANCY USING TETRA- 
ETHYLAMMONIUM CHLORIDE 


ALBERT A. Brust, M.D. (By INvirarion), N. S. Assaut, M.D. 
(By INviIratTION), AND EVGENE B. Frerris, M.D. 
CINCINNATI, OHIO 


Transient elimination of neurogenie tone by the action of sympathetic 
blocking agents has afforded a new physiologic approach to evaluation of 
mechanisms operative in sustaining blood pressure at normal or hypertensive 
levels. Tetraethylammonium chloride, (TEAC), administered intravenous!) 
in 400 mg. doses, induces a temporary blockade of impulse transmission at 
the autonomic ganglia. When neurogenic tone has been abolished in this manner, 
the arterioles remain responsive to humoral agents, and thus the remaining 
blood pressure (TEAC floor) must be maintained by humoral mechanisms 
together with intrinsic vascular tone. 

Toxemia of pregnaney with its attendant hypertension has long been 1 
garded as a humoral disorder despite the lack of physiologic evidence. In an 
effort to evaluate the relative importance of humoral and neurogenic factors 
in the blood pressure of patients with toxemia as well as those with norma! 
pregnancy, we have utilized TEAC assay to study ten normal nonpregnant 
women, ten normal term pregnancies, eighteen cases of pre-eclampsia, and 
five cases of eclampsia. 

In each of the normal term pregnancies, the prepartum = response to 
autonomic block was a marked fall in blood pressure to mean levels of 55 to 65 
mm. He. Within twenty-four to forty-eight hours post partum, all these patients 
showed a striking rise in TEAC tloors, the responses corresponding exactly to 
those of the normal nonpregnant controls. 

Strikingly different responses occurred in the patients with toxemia. Pre 
partum TEAC floors invariably remained elevated above those of nonpregnant 
controls and were consistently 25 to 70 mm. He higher than those of the norma 
pregnancies. With subsidence of toxemia post partum, floors promptly fel 
to the normal nonpregnant range. The diastolic TEAC floor appears to be o 
the greatest significance in these studies, for it never fell below SO mm. He i 
toxemia vet was never higher than 56 mm. Hg in normal pregnancy. Thi 
highest diastolic floors consistently occurred in those patients who clinical! 
were most toxic, regardless of the height of the pretest blood pressure. 

The results suggest that: (1) The hypertension of toxemia of pregnanc) 
is supported primarily by an excessive degree of humoral tone, (2) Conversely 
the blood pressure in normal term pregnancy is maintained largely by neuro 
genic and intrinsic tone. (3) Within forty-eight hours post partum of norma 
pregnaney there is a return to nonpregnant control mechanisms (humora 
predominating). (4) Clinical assay with TEAC may be a helpful aid in 
diagnosis of toxemia of pregnancy and in the evaluation of changes in severit: 
during its course, 
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19. THE EFFECT OF WATER BY VEIN ON THE MORE SEVERE 
COMPLICATIONS OF CARDIOVASCULAR-RENAL DISEASE 


IK’, R. ScHuemmM, M.D., anp J. A. LAYNE, M.D., Great FALLS, Mont. 


Qur most seriously ill patients showed the greatest need for plain water 
and were the least able to take or retain adequate amounts by mouth. With a 
proper regulation of sodium intake, including a minimal use of plasma, blood, 
and other sodium-laden solutions which vield no free water, they were given 
plain water by vein in amounts designed to restore and maintain water balance. 

The solutions used in about 500 periods of observation contained 50 or 25 
Gim. of dextrose (quickly oxidized or stored) in 1,000 ¢.¢. of distilled water 
whieh is quickly dispersed throughout the 50 liters of total body water. The 
usual volume given was 1,000 ¢.¢., with a range of from 500 to 2,000 ¢.e. at one 
time. The total amounts given in one day ranged from a 500 ¢.¢. supplement 
to from 3,000 to 6,000 ¢.¢. daily when the oral intake was nil or neghgible. The 
rate of flow was from 10 to 20 «e. per minute. (It would have required too 
many hours to administer the larger totals at slower rates and it was noted that 
reactions oeeurred more frequently with the fatigue and annovance of long- 
drawn-out venoclyses.) The effect of the larger amounts of fluid by vein was 
observed over periods ot from five to thirty-five consecutive days. 

There was no detectable elinical or laboratory evidence of harmful dilution 
observed immediately after a venoelyses or after several days of large amounts 
of these isotonie or hypotonie dextrose solutions. At the moment of completion 
of a venoelysis the changes In venous pressure were found to range from a drop 
of a few centimeters, through no change, to a rise of as much as 13 ¢m.; no ob- 
jective or subjective evidence of left ventricular failure or pulmonary edema 
were noted with the rises in venous pressure. The venoclyses did not precipitate 
pulmonary edema in some cases whieh had recently experienced an acute pro- 
fuse attaek, and retinal edema and choked dises were seen to improve, and eon- 

(sions came under control during some periods of observations. 

In severe myocardial infaretion with shock, the water by vein was used ef- 
tively to prevent the development of anuria and azotemia, or for their cor- 
tion, Severe congestive failure that had resisted sodium restriction and 
| and mereurial diuretics was observed to respond to the increase in water 

ce made possible by intravenous supplements. 

In many instances, what appeared to be an anuria with uremia due to so- 

| renal shut down proved to be an anuria due to an inadequate intake of 
D water. For water beeame available to the kidneys and they elaborated 
e readily again, only after a large existing plain-water deficit of from 4,000 
100 ee. and a high daily vaporization loss of 2,000 to 4,000 ¢.¢. were pro- 

for. In these patients the large amounts of plain water, given sometimes 
ely by vein, did not induce heart failure and relieved the anuria and uremia 
uit resort to decapsulation of peritoneal lavage. 


t 
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20. THE NATURE OF THE ALTERED RENAL FUNCTION IN LOWER 
NEPHRON NEPITROSIS 





DANIEL Marsyuauy, M.D. (By INvirarion), ann Winniiam S, Horrman, M.D 
CuHicaGco, Ibu. 


Serial determinations of clearances of mannitol, p-aminohippurate, urea, 
and creatinine, and of tubular excretory mass were carried out in three sub 
jects in the phase of diuresis and recovery from lower nephron nephrosis. In 
addition, urine-plasma ratios of nonprotein nitrogen were followed in these and 
three other patients with lower nephron nephrosis during the whole course ot} 
illness. With these data it was possible to extrapolate back to the period ot 
oliguria and recognize the general nature of the functional alteration. 

In two subjects the first funetion tests gave negative values for tubulas 
excretory mass and impossibly high values for filtration fraction and ratio ot 
p-aminohippurate clearance to tubular exeretory mass. In subsequent tests 
these distortions disappeared, but the absolute values for clearances remained 
lower than normal. Complete restitution of renal function to normal did: not 
occur until three to seven months had elapsed. 

At the beginning of diuresis, the concentration ratio of nonprotein nitrogen 
remained as low as during the oligurie period. After several days of diuresis, 
the concentration ratio began to rise steadily even as the urine volume increased. 
indicating improvement in tubular funetion. 

These data are consonant with the idea that the functional renal lesion in 
lower nephron nephrosis is a diminished renal blood flow in association with a 
loss of speeific function of the lower nephron. Consequently, the limited amount 
of modified glomerular filtrate reaching the lower nephron is almost complete! 
resorbed, A gradient diffusion through the damaged cells apppears to be pres 
ent which allows a greater resorption of p-aminohippurate than of mannitol and 
which is thus responsible for the distorted renal clearance tests. Reeovery seems 
to be produced first by an increase in effeetive renal blood flow, followed later 
by a repair of tubular function. The gradient diffusion is apparently the 
first tubular defect to disappear. The total recovery of normal specifie tubular 
function is much slower. 










21. DANGERS FROM THE USE OF THE RICK DIET 






Leo F. Narut, M.D. (By INVITATION), AND GEORGE C. TURNBULL, M.D. 






EVANSTON, ILL. 






The present public interest in the Kempner rice diet led us to make a ¢1 
eal evaluation of this diet as an adjunct to the treatment of hypertensive he: 
disease. The results of this and more liberal diets have been recorded in thie 
treatment of fifty-seven patients with hypertensive cardiovascular disease on 
the medical services of the Cook County Hospital and the Evanston Hospital. 
Supportive case reports point out that a simple convenient criterion of the urine 
specifie gravity tends to indicate that one group of patients is benefited by ‘he 
rice diet, another is unaffected, while still a third is made worse. The organism 
as a whole must be considered; nor can one overlook the faet that fundamen'al 
physiologic and biochemical principles govern the potential effieaey of tis 
type of diet. One must be mindful of the physiology of extra- and intracelli 
fluid, renal physiology, cireulatory dynamies, and pulmonary ventilation; 0! 
the role of blood, psychosomaties, and the endocrine svstem; and of the influe: 
of medication. Blood protein and sodium levels must be given due consid: 
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tion. Illustrative groups of patients having hypertensive heart disease are 
presented, showing the influence of the renal reserve as reflected in the urine 
specific gravity and the influence of a variable extrarenal environment. ‘Twenty- 
five patients with a good renal reserve indicated by a urine specific gravity of 
1.020 or better were benefited by the rice diet, especially where cardiac decom- 
pensation was present. The improvement noted is attributable to the results of 
weight reduction by dietary restriction. Twenty-four patients with a specific 
eravity range of 1.012 to 1.020 were possibly benefited by salt and protein re- 
striction, but again to a limited extent, depending upon the status of the extra- 
renal environment. Eight patients with a specific gravity fixed at 1.010 were 
benefited at first but subsequently became worse when dietary restriction was 
continued. Serum sodium and chloride levels are altered; prerenal azotemia 
with sequela supervenes on a kidney with poor reserve; and elinically, the man- 
ifestations of weakness, lethargy, abdominal cramps, oliguria, and disturbances 
in acid-base balance become apparent. We consider urine specific gravity fixed 
at 1.010 as a warning signal to proceed with caution in the use of the rice diet, 
and we believe it imperative to keep in mind the various possibilities which may 
be encountered, especially in patients who have poor reserve in organs other 
than the kidney. When blood sodium levels begin to fall, the rice diet should 
he discontinued. The narrow border between the preuremie state and uremia 
necessitates the addition of salt and blood or fluids to the therapeutic regime 
in order to reverse the process and, thereby, possibly avoid a casualty. 


22. THE EFFECTS OF BACTERIAL PYROGENS ON MALIGNANT 
HYPERTENSIVE PERSONS 


Rosert D. Tayuor, M.D., A. C. Corcoran, M.D., H. H. Ferric, M.D. 
(By INvitaTION), AND IRvINE H. Page, M.D., CLEVELAND, OHIO 


Thirty-five patients exhibiting the syndrome of malignant hypertension 
were treated with repeated injections of bacterial products which elicited leu- 
cocytosis and fever. The effects were evaluated from the levels of arterial pres- 
sure, cardiae, cerebral and renal functions, and funduscopie changes. The re- 
sponses to all the materials were so similar that they can be considered together. 

The diastolic blood pressure of sixteen of the thirty-five patients was re- 
duced by treatment from 126 mm. Hg mean (range, 110 to 150) to average 
100 mm. He during five to nineteen weeks. Papilledema disappeared in all 
but two, one of whom still is receiving treatment. The persistent elevation of 

optie dise in the other may represent a lesion of the nerve. Fourteen pa- 
ticnts became free of retinal hemorrhages. One of the remaining two is still 

er treatment, and, in the other, the severity grading was reduced from 
fio 1. Most of the fresh exudates disappeared ; however, in nine persons sears 
ol previous disease persisted. 

Before treatment, five of these sixteen patients presented signs of econ- 
2 e heart failure, all evidences of which were relieved during therapy. 
‘rocardiograms showing signs of damage became normal in seven and im- 
ed in the other nine. Heart size (teleroentgenogram) diminished from 
IS per cent before to plus 5 per cent after treatment. 

Renal funetion at first was moderately depressed in nine patients but was 
ially restored to or above control levels. 

xcept for persistent elevation of arterial pressure, remissions have lasted 

i average of twenty-four months and up to thirty months. 

‘leven of the sixteen patients who responded well are living after fourteen 
t 'ty-one months. Three of the remaining five discontinued treatment after 
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three to thirteen weeks and died within three months of cerebral hemorrhage 
Another died of apoplexy ten months after treatment with pyrogen and si 
months after svmpathectomy. The fifth, the only one with return of the malig 
nant phase, died of cerebral hemorrhage six months after treatment was begun 

Of the remaining nineteen patients, eleven responded more briefly and in 
less degree than the sixteen deseribed, while eight showed no change. All but 
two are dead. These two are at present under treatment. 

Tolerance to pyrogens appeared in five to nineteen weeks, after which 
arterial pressure rose, but usually without reappearance of the malignant syn 
drome. 

The outcome was not predictable from arterial pressure, the retinopathy, o1 


the extent of cardiac disease. Six patients who were virtually blind and four 


who had congestive failure responded favorably. The significance of renal tune 
tion is shown by the fact that TmPAH averaged 62 me. per 1.73 sq. M. in thi 
sixteen who responded well (range 48 to 109); the mean was 26 (range, 12 
to 40) in those responding poorly, atid 20.8 (range, 7 to 82) in those with no 
response. 

In summary, the malignant phase of essential hypertension can be remitted 
in some patients by repeated injections of bacterial pyrogens provided rena! 
damage has not advanced to the extent that TmP AI is less than 45 per milli 
gram per minute per 1.73 sq. M. of body surface. 


23. A TEST FOR THE PRESENCE OF THE HYPERTENSIVE 
DIENCEPHALIC SYNDROME USING HISTAMINE 


Henry A. SCHROEDER, M.D., AND MELVIN L. GOLDMAN, M.D. (BY INVITATION 
Str. Louris, Mo. 


A syndrome associated with arterial hypertension has been deseribed by 
Page which he called the hypertensive diencephalic syndrome. Occurring 
usually in women, but also in men, it is characterized by labile hypertension 
and attacks of a periodic appearance of a blotchy rashlike blush on the face, 
chest and shoulders, associated often with headache, lacrimation, and signs ol 
vasoconstriction in the extremities. Attacks of this disorder probably represent 
some neurogenic disturbance associated with hypertension. In susceptible in- 
dividuals this svndrome has been reproduced by the intradermal injection otf 
0.25 me. of histamine, reaching its height five to ten minutes after the injection 
Of fifty patients with normal blood pressure, the svndrome was made to ap- 
pear in five. Of thirty-three with neurogenic hypertension it appeared in 
twenty-six. In fourteen patients with other types of arterial hypertension it 
appeared in none. Four subjects in whom the reaction to histamine was marked 
failed to react after lumbodorsal sympathectomy. When the reaction oceurred 
the svmptoms of which the patient complained usually were reproduced, inclu 
ing the typical hypertensive headache. Antihistaminie agents only parti: 
blocked the reaction in one subject. It was not reproduced by the administ 
tion of epinephrine or Mecholyl. The possible role of histamine-like substan: 
in causing some of the svmptoms of neurogeni¢ hypertension is suggested 
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24. GLYCOSURLA SIMULATED BY THE ADMINISTRATION OF 
ASCORBIC ACID: ITS OCCURRENCE AND 
DIFFERENTIATION 


JOHN C, MirHoeErer, M.D. (By INVITATION), AND Car. F. Vitter, M.D. 
CINCINNATI, OHIO 


The confusion afforded by repeatedly positive Benedict tests on urine of 
a diabetic patient whose diabetes was thought to be well controlled and who was 
receiving large doses of ascorbie acid prompted us to investigate the reducing 
power of this substance in the urine as measured by Benedict’s qualitative test 
and the Clinitest tablet. 

Quantitative in vitro experiments were performed in order to determine 
the amount of ascorbie acid which must be present in solution to give a positive 
Benedict test and Clinitest. It was found that 0.2 me. of ascorbie acid was 
sufficient to reduce 5 ml. of Benedict solution to a 1 plus reaction and the Clini- 
test to a “*trace’’: 1.9 me. of ascorbie acid produced a 2 plus with both tests, 
2.1 mg. a 3 plus, while 8.0 me. were required to give a + plus reaction. It was 
found that when compared by weight, ascorbic acid was a more powerful re- 
ducing substance than glucose when tested by these methods. It was further 
shown that ascorbie acid and glucose when present together in solution have an 
additive effect in this reduction reaction. 

In vivo experiments showed that when ascorbic acid was administered in 
large doses parenterally (now a common surgical practice) or by mouth there 
Was usually sufficiently rapid urinary excretion of this substance to give a posi- 
tive Benedict test or Clinitest. Following the intravenous administration of 
900 me. of aseorbie acid the majority of the patients gave a 1 plus Benedict test 
in two hours and had a urinary output ranging between 88 and 136 me. per cent 
scorbie acid, lFollowing the intravenous administration of 1,000 me. of ascorbie 
cid, all but one of the patients had a 2 plus Benedict test after two hours. 


a 
The urinary concentration of ascorbie acid ranged from 480 to 980 me. per 
eent at that time. 

A simple method depending on oxidation of asecorbie acid in alkaline 
medium has been devised for differentiating this substance from glucose in the 
wine. Two milliliters of urine are made alkaline with sodium carbonate fol- 
loved by the addition of 6 to 8 drops of hydrogen peroxide. This procedure 
rapidly destroys the reducing power of ascorbic acid but does not interfere with 


reducing power of glucose as measured by Benedict’s test and the Clinitest. 
lis proeedure is useful not only in the differentiation between glycosuria and a 
se positive Benedict test due to ascorbic acid in routine urinalyses, but also 
1 ibles one to follow more accurately the glycosuria of a diabetic patient who 
eceiving large doses of ascorbie acid. 
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20. “STEROID DIABETES” ASSOCIATED WITH CUSHING’S 
SYNDROME AND EXCRETION OF 17-HYDROXYCORTICOSTERON 
(COMPOUND F) IN URINE; METABOLIC STUDIES 


R. G. SpraGue, M.D., Atvin B. Hayes, M.D. (By INnvrration), H. L. Maso 
PH.D., M. H. Power, Pu.D., Ann W. A, BENNETT, M.D. (By Invitation ) 
ROCHESTER, MINN. 


The diabetes which is commonly associated with Cushing’s syndrome. is 
probably explainable on the basis of an overproduction of carbohydrate-active 
steroid hormones by hyperplastic or neoplastic adrenal cortices. Such diabetes 
should, therefore, resemble the ‘‘steroid diabetes’? produced by Ingle and co 
workers in rats by the administration of 17-hydroxy-11-dehydrocorticosterone 
(Compound E) or 17-hydroxyeorticosterone (Compound f°); that is, it should 
differ from ordinary diabetes, particularly of the juvenile type, in being more 
resistant to insulin and in being mild during fasting. lurthermore, since one 
of the effects of the carbohydrate-active steroids is to stimulate the production 
of sugar from protein precursors, this type of diabetes should be characterized 
by the exeretion of relatively large amounts of nitrogen in the urine, even when 
glycosuria is minimized by the use of diet or insulin, or both. 

Observations which lend support to the foregoing ideas were made in the 
ease of a 14-year-old boy with severe diabetes associated with Cushing’s syn- 
drome due to hyperplastic adrenal cortices. In addition to diabetes, the patient 
presented most of the classic features of Cushing’s syndrome, including hyper- 
tension, osteoporosis, muscular weakness, and a hypochloremic, hypokalemic 
alkalosis of marked degree. That the diabetes was due to an overproduction 
of carbohydrate-active adrenal steroids was suggested by the fact that the 
urinary excretion of ‘‘cortinlike substances’’ (‘'11l-oxysteroids”’’) was remark- 
ably high (about 17 me. daily, or about 200 times normal). Indeed, 17-hydroxy- 
corticosterone was isolated from the urine, 191 meg. of purified hormone being 
obtained from a twenty-five day collection of urine.* 

Metabolie studies revealed that the diabetes exhibited the features ot 
‘steroid diabetes’’ in animals. It was of more than usual severity (in terms 
of insulin requirement), glycosuria being incompletely controlled with 130 
units of insulin given daily while the patient received 187 Gm. of carbohydrate 
daily in the diet. Unlike the usual behavior in ordinary juvenile diabetes, how- 
ever, the urine became virtually free of sugar (2.4 Gm. in twenty-four hours 
and ketonuria was absent when food and insulin were withheld for twenty-four 
hours. (This amelioration of glycosuria with fasting and withholding of insulin 
was in marked contrast to the behavior of patients having both Addison’s disease 
and diabetes who were previously studied by us, in whom withdrawal of insulin 
and fasting during the administration of Compound E resulted in the rapid 
development of severe diabetic acidosis.) As in the case of steroid diabetes in 
animals, nitrogen balanee was decidedly negative with an intake of 57 Gm. 
Protein daily. Likewise, as suggested by the presence of osteoporosis, the bal- 
ances for ealeium and phosphorus were also negative. 

The patient died after surgical resection of one hyperplastie adrenal @land. 
At necropsy pronounced hypertrophy and hyperplasia of the adrenal cortices, 
a small thymoma, a parathyroid adenoma (not hyperfunctioning), osteoporosis, 
and bilateral renal caleuli were found. 

The clinical behavior of the diabetes, the metabolie data, and the finding 
of large amounts of 17-hydroxyecorticosterone (Compound F') in the urine seem 

*Mason, H. L., and Sprague, R. G.: Isolation of 17-hydroxycorticosterone From 


Urine in a Case of Cushing’s Syndrome Associated With Severe Diabetes Mellitus, J. lio 
Chem. 175: 451-456, 1948. 
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to justify the conclusion that the patient had ‘‘steroid diabetes’’ analogous 
to that produced in animals by the administration of carbohydrate-active adrenal 


STreolcs. 


26. ROLE OF THE ADRENAL CORTEX IN URATE METABOLISM 
AND IN GOUT 


WitttamM D. Ropinson, M.D., Jerome W. Conn, M.D., Wautrer D. BLock, Pu.D. 
(By INVITATION), AND LAWRENCE H. Louis, Sc.D. (By INVITATION ) 
ANN ARBOR, MICH. 


Urate metabolism on a constant diet has been studied in three normal and 
me gouty subject during administration of approximately 50 me. (Armour’s 
Standard) of purified pituitary adrenocorticotrophie hormone intramuscularly 
daily, in divided doses, for five to ten consecutive days. By using a specific 
enzymatic method employing uricase to determine blood and urine urates, errors, 
inherent in the conventional colorimetric methods were avoided. 


Following the administration of adrenocorticotrophic hormone to normal 
subjects, the urate excretion increased from 50 to over 100 per cent above base 
line values. This increase appeared during the first twenty-four hours and 
was well sustained, reaching its peak on the sixth, seventh, and ninth injeetion 
days, respectively, in the three subjects. It was accompanied by an increase in 
excretion of nonurate chromogen in all three, but this was irregular and not 
sustained during the injection period, There was an apparent decrease in blood 
urate when determined by direct colorimetric methods which are known to be 
influenced by other reducing substances but no significant change in the blood 
content of urate or of nonurate chromogen, as measured by the uricase method. 
On the first postinjeetion day there was a sharp drop in urinary urate excretion 
to near basal levels, followed by a definite increase on the second to fifth post- 
injection days. There was associated other evidences of a rebound in pituitary- 
adrenal cortieal activity at this time. 

The injection of desoxyeorticosterone acetate in doses of 20 me. daily to a 
normal subject for ten days did not produce any significant effeet on urine or 
nlood urate levels. 

The chief differences in response of the gouty patient to adrenocortico- 
rophic hormone as contrasted to normal subjeets were (1) absence of a sig- 

ficant increase in exeretion of nonurate chromogen, (2) a sharp decrease in 
‘rue blood urate to less than one-half of the base line level, so that loss from body 
liiids by simple inereased renal exeretion could account for one-half to three- 
irths of urinary inerease, as compared to normal subjects where only negli- 
le quantities could be acccounted for on this basis, and (3) absence of any 
mdary inerease in urate excretion during the postinjection period. Effects 
blood sugar, glucose tolerance, glycosuria, urinary nitrogen, amino acid, and 
etosteroid exeretion were similar to those seen in the normal subjects, ex- 
tor the absence of any evidence of a rebound in hormonal activity during 
postinjection period. 

The gouty subjeet, who had been free of attacks for nine months preceding 

had a mild but definite attack on the third to fifth postinjection days, 
time when all data suggested a depression of adrenal cortical activity. 
it and associates (1935, 1940) described evelie changes in urate, electro- 
and water excretion in patients with gout and related these changes to 

‘gouty attacks. Their data can be interpreted as reflecting cyclic changes 

‘renal cortical activity, with attacks occurring during periods of decreased 
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function. A common denominator for many of the incidents which have lo 
been recognized as capable of provoking acute attacks of gout is furnished } 
their ability to affect pituitary-adrenocortical activity 


27. INFLUENCE OF PHYSICAL FITNESS AND CONVALESCENCE 
FROM MAJOR SURGICAL PROCEDURES ON TIE 
MAGNITUDE OF THE RESPONSES TO 
EXERCISE OF THE BLOOD AND 
URINE LACTATE 


Davip I. ABRAMSON. M.D.. WARREN H. Cote. M.D... Ropert W. KErrox, M.D.. 
Maurice GreepHarpbt, M.D. (By Inviration), JosSerpuiIne M, DyNrewicz, 
PH.C, (By Invitation), Soruir J: PRESLEY, M.D. (By INviration 

> 


AND GEORGE LAverRS, M.D. (By INviratrion 


(HicaGco. IL. 


] 


The changes in the values of the biood and urine lactate produced by e: 
ercise on a treadmill were studied in a group of fifty patients, in various stat 
of physical fitness, before and after herniorrhaphy or choleevstectomy. 

Preoperatively, with the same exercise load (three minutes on the tread 
mill), the maximal lactic acid level attained in the blood and the total quantit 
in the postexertional urine specimen were found to be mueh ereate) iN J 
tients in poor physical condition than in those in excellent shape. Genera 


similar differences were noted in the ease of submaximal and maximal exercises, 


despite the fact that the respective periods on the treadmill for individuals 


in good physical condition were three to six times as lone as for those in poo 
shape. 


Postoperatively, one group of nineteen patients was placed at complete | 


rest for from six to thirteen days. Except for some individuals in excellent 


physical condition, the patients showed much higher maximal blood) lactat 


levels with exercise during convalescence than was observed preoperative 
Very rarely were the readings back to the preoperative level by the twentic 
postoperative day. The changes in the quantity of lactate in the postexercis: 
urine specimens followed the same trend, in some instances the values remainin: 
elevated for as lon@ as sixty days after operation, It is of interest that 1 


lactate studies continued to show abnormal changes postoperatively lone atte 


the results of the tests of liver function and of circulatory and respiratory « 
ficieney had returned to preoperative levels. 

Other groups of patients subjected to the same operative loads were plac 
on regimens involving early ambulation, Except for occasional patients initia! 
in poor physieal condition, these individuals showed, during convalescence 
smaller increases in maximal blood lactate levels and lactate content of 
urine with exercise, as compared with the preoperative readings, than were 6 
served for the patients subjected to a period of postoperative bed rest. 

It is coneluded that the magnitude of the blood and urine lactate chane 
produced by exercise is definitely influenced by the state of physical fitness 
the individual. Furthermore, lactate studies are of value in the measurem 
of the length of convalescence following surgical operations and in the eval 
tion of various therapeutic regimens used to reduce this period. 
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28. PORTAL CIRRHOSIS OF THE LIVER: A CLINICAL AND 
FUNCTIONAL STUDY 


Wintiam EK, Rickerrs, M.D. (By Ixviration), JosepuH B. Kirsner, M.D., 
AND WALTER lL. PALMER, M.D., Cuicaco, ILL. 


lifty cases of portal cirrhosis of the liver were studied by biopsy and tests 
of hepatic function. The fifty cases were divided into three groups: 

Givoup | included fourteen patients free of symptoms, except one who had 
hematemesis and melena, but with physical findings suggesting the presence of 
cirrhosis such as hepatomegaly, splenomegaly, or collateral cireulation of the 
abdomen. In two, the cirrhosis was first noted at laparotomy. The presence of 
cirrhosis was established by histologie examination. The alterations in hepatic 
function were minimal or absent; the bromsulfalein test was the most con- 
sistently abnormal. 

Group IL included twenty-three patients in whom signs and symptoms of 
moderate degrees of hepatie disease were present. librosis and hepatocellular 
changes were noted histologically in all. Funetion tests in this group were uni- 
formly abnormal. Repeated studies of hepatic function were made in nineteen 
of the group during the course of medical management. There was no signifi- 
cant change in two, improvement was marked in fifteen, and the test ultimately 
Vie Ided normal results in two. 

Group TIL ineluded thirteen patients with marked jaundice and other 
symptoms of hepatic dysfunction requiring hospitalization, The function tests 
were markedly impaired in all. Fibrosis and severe parenchymal changes were 
noted histologically in ten of the thirteen. Four were admitted desperately ill 
and died soon after hospitalization. Subsidence of symptoms, marked improve- 
nent in hepatic function, and regeneration of the liver parenchyma were ob- 
served accompanying medical management in nine. The svmptoms disappeared 
completely in six of these, two improved greatly, and one has improved and 
has no symptoms other than an acquired hemolytic anemia. 

The following impressions were gained: (1) Abnormalities of hepatic 
‘tion in portal cirrhosis depend upon the alterations of the parenchyma. 
2) Fibrosis of the liver per se does not change the tests of liver function. 
Portal cirrhosis may be present without detectable abnormality of hepatic 


netion, and (4) portal cirrhosis is not necessarily a progressive disease. 


29. SERIAL SERUM CHOLINESTERASE DETERMINATIONS IN 
LIVER DISKASKE 


J. Voruaus, M.D... H. H. Scupamore, M.D., G. J. Gasuzpa, M.D., G. R. 
Morry, M.D., M. A. MALoney, M.D., anp R. M. Karx, M.D. 
CuHicago, ILL. 


(INrROpUCED BY Ropert W. KeEereron, M.D.) 


has lone been known that the cholinesterase activity of the serum is 
mally low in patients with disease of the liver and its determination has 
suggested in the past as an index of liver function. However, because of 
iffieulty in performing determinations of serum cholinesterase activity, 
ecause of the wide range of normal values obtained, such determinations 
lot become popular. The recent development by Michel of a simple po- 
netric method for the determination of cholinesterase activity now makes 
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this measurement a practical clinical tool. The method measures the chane 
in pH due to the liberation of acetie acid in the hydrolysis of acetylcholine |b. 
cholinesterase. 

To date serum cholinesterase activity has been estimated in forty-two pa 
tients and serial determinations have been made in twenty-six of these patients 
with liver disease, as well as in four normal subjects. In patients with liver 
disease serial determinations have correlated well with changes in elinical status 
at times when a battery of currently accepted liver function tests failed to show 
significant changes. 

Serial determinations are reported of the serum cholinesterase activity o| 
seven patients with cirrhosis of the liver and three healthy controls living in ; 
metabolic ward for periods of 70 to 240 days. Determinations were made thre 
times weekly before, during, and after intravenous therapy with human serum 
albumin containing less than 0.38 Gm. of sodium in each 25 Gm. of albumin 
The total doses of albumin ranged from 125 Gm. in a three-day period to 8,650 
Gm. in three periods totaling forty-seyen days. It was found that six of thi 
seven patients with liver disease showed a significant rise in the serum cholin 
esterase activity together with subjective and objective clinieal improvement 
In all of these cases the serum cholinesterase activity began to rise toward nor 
mal levels before improvement was detectable by any other laboratory means 
emploved. Results suggest that serial determinations of cholinesterase activity 
afford a more sensitive index to slight changes in hepatie function than any o! 
the other tests used in this study (that is, cephalin flocculation, thymol turbid 
itv and flocculation, BSP excretion, serum bilirubin, immediate and_ total, 
two-hour Watson urinary urobilinogen, prothrombin time, total proteins with 
A/G ratio). 

Studies are in progress on the rate of regeneration of serum cholinesteras: 
activity following its destruction by di-isopropyl! fluorophosphate. In thirteen 
patients with liver disease, as well as in four healthy controls, the return to 
serum cholinesterase activity to pretest levels has taken approximately four 
weeks, the healthy controls starting at and returning to a higher value than tli 
patients. 


30. ANTIDIURETIC ACTIVITY OF URINE IN ACUTE HEPATITIS 
J. L. Smivs, Mapison, WIs. 
(INTRODUCED BY O. O. Mryer, M.D. 


This study was undertaken in an attempt to confirm the presence of an 
antidiuretic factor in the urine of patients with liver disease and to elueidate 
the mechanism of its appearance. 

Daily twenty-four hour urine specimens were obtained from nine patients 
with acute infectious hepatitis, one with serum hepatitis, and one with an acute 
febrile and icterie exacerbation of a portal cirrhosis with ascites and edema. 

Protein precipitation at pH 4.0 and 80° C. was carried out; the supernati 
was dialyzed twenty-four hours against tap water and evaporated to 100 ml. in 
cellophane sacks before an electric fan. 

Assay was by intraperitoneal injection of 0.5 ml. per 100 Gm. body wei: 
into groups of four adult male albino rats hydrated to 5 per cent of their bo 
weight by tap water gavage. Controls received tap water or similar extrac's 
from normal urines intraperitoneally. Urinary output per 100 Gm. of bi 
weight was plotted for three- or five-hour periods and compared with the 
take output records and clinical appearance of the patients. 
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In the early phases of acute hepatitis there was a sharp inhibition of di- 
uresis in the assay animals which paralleled clinical evidences of a tendency to 
water retention, With beginning convalescence this inhibitory activity  les- 
sened and the output of assay animals approached or exceeded the controls. 
In two instances the first specimen obtained from a patient failed to show anti- 
diuretic activity, although subsequent ones during the early phase of illness did. 
Similar results were seen over a longer period in the cirrhotic patient. 

Samples of varying activity were assayed on male albino rats made cirrhotic 
by prolonged twice weekly injections of carbon tetrachloride, The degree of 
inhibition of diuresis in this group did not exceed that in simultaneously run 
normal control animals, and indeed, in about two-thirds was slightly less. 

lNive- and eight-hour urine outputs from both the control and. cirrhotic 
animals were extracted in similar fashion, being evaporated to 12 ml., and re- 
assayed, These preparations showed no increase in antidiuretic activity as 
compared with similar recoveries from animals injeeted with tap water. 

These studies confirm Labby’s findings of the presence of a factor showing 
antidiuretic activity in the urine of patients in the early phases of acute 
hepatitis. They do not support the thesis that failure of hepatie inactivation 
of a normally formed principle of this nature is the basis of its presence. 


31. VITAMIN B,, IN PERNICIOUS ANEMIA AND PUERPERAL 
MACROCYTIC ANEMIA 


FRANK H. BerHevi, M.D:, Murtet C. Meyers, M.D. (By INvITATION), AND 
RosaALig B. NeuicgH, M.D. (By Inviratrion), ANN ARBoR, MICH. 


our patients with pernicious anemia in relapse were treated with vitamin 
B,.* for periods of ten to twenty weeks. Intramuscular injections of 1 pe of 
B,, were given daily during the period of the reticulocyte response with sub- 
sequent treatments at varying intervals up to twenty-five days. Doses were 
adjusted so that the equivalent of 1 pg per day would be received. Three of 
e patients had maximum retieuloevte levels and rates of red cell increase 
Which exceeded the expected response following daily injections of 1 U.S. P. 
unit of liver extract. The fourth patient received 1 mg. of the folie acid 
antagonist, Aminopterin,t daily for two days prior to B,, administra- 
ion and for the first fourteen days of treatment with B,,. The reticulocyte 
response was delayed and suboptimal. When aminopterin was discontinued a 
second reticuloeyte response occurred with rapid elevation of red cell count. 
Ali four patients attained normal hematologic values after six to eight weeks. 


+ 


Three patients had nervous system involvement. Following B,, therapy 
re was relief of paresthesias and decrease in ataxia. Glossitis was trouble- 
e in three patients and disappeared promptly on institution of treatment. 
\ girl aged 19 vears was seen two months after delivery of a normal in- 
The presenting features were severe anemia, intense glossitis, stomatitis, 
vulvovaginitis. For at least two vears she had received an extremely poor 
Red cell count was 1,500,000, with macroecytosis, leucopenia, and megalo- 
i¢ marrow. Gastrie contents contained hydrochlorie acid. Intramuseular 
tions of 1 ng of B,, for ten days failed to produce hemopoietic or clinical 
nses. Anemia and leucopenia became more severe, and mucous membrane 
s progressed. Megaloblastie marrow reaction persisted. Subsequent 
ment with folie acid, 10 mg. daily by mouth, was followed by conversion of 
Merck & Co., Tne. 


Lederle Laboratories, American Cyanamid Co, 
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marrow picture, reticuloeyte response, increase in eryvthroevte and leucoeyt 
values, and rapid subsidence of stomatitis and vulvovaginitis. 

Assays of feces of four patients with untreated pernicious anemia reveal 
high contents of growth-stimulatine factor for Lactobacillus lactis Dorner, | 
test organism for vitamin B,,.* The content of B,, equivalent ranged fro 
23 to 1S pe per gram of dried feces. Thus the daily output of B,, by patien 


with pernicious anemia appears to be many times greater than that neeessar 
to produce remission when introduced parenterally, This suggests that in per 
nicious anemia there may be defective absorption of vitamin B,. derived eithy 


from dietary sourees or by intestinal bacterial synthesis 


382, STUDIES ON GLOBIN AND PORPHYRIN METABOLISM MADE 
WITH C™ AND N 


Moses GRINSTEIN, Pu.D. (By INVirarion), M. D. KamMEN, PH.D. (By 
INVITATION ), AND CaRL V. Moore, M.D., Str. Louts, Mo. 


Three different forms of tracer-tagged elyveine have been used to lal 
hemoglobin. Shemin and Rittenbere emploved glycine containing N'° to den 
onstrate that this amino acid serves as a nitrogenous precursor of protoporply 
rin; a small amount of the N' was also Incorporated in the total cell protei 


They followed the N' content of heme earefully and found that (a) the labeled 


Poel 


] 


protoporphyrin within red cells does not participate in the dyvnamie metabolic 


state, (b) is not re-utilized for heme formation when red cells are destroved, 


and (¢) serves as a reliable index of the leneth of life of the erythroeyvte. Alt 
man and associates, using methylene labeled elveine (C'), have shown that 1 


alpha carbon of glycine is utilized for the biosynthesis of hemoglobin proto 
F 


porphyrin; a relatively small amount of C' is incorporated into globin. When 
glycine labeled with C' in’ the earboxyl position is fed to animals, the 


(is built into globin but not into protoporphyrin (Grinstein and co-workers 
The first and last of these three methods of tagging hemoglobin were used it 
the experiments deseribed below to study globin and porphyrin metabolism. 
Glycine containing C' in the carboxyl group was fed to two dogs and t 
one rat. In each instance, the C'! appeared in the globin portion of hemo 


globin but could not be demonstrated in the heme. The concentration in e@lobir 


rose rapidly in the dogs during the first few days, remained relatively constant 


until the sixty-fifth and eightieth days, respectively, and then fell to very 
levels. The shape of the curve obtained was very similar to that found 
Shemin and Rittenbere for heme labeled with N'°. The results indicate t! 


the globin of intact erythrocytes (1) remains within the cell during its | 


span without participating in the dynamic protein interchange characteristic 


of nucleated cells and (2) is apparently not utilized again for new hemoelo 


formation once the cell is destroyed, 

In the second series of experiments, 5.6 Gm. of glycine tagged with 27 
per cent excess N'°’ was fed to one dow which had previously been made ane! 
by bleeding. From blood obtained at intervals during the following thirty-fo 
days, crystalline protoporphyrin 9 dimethylester was isolated and found 
be tagged with the isotope (0.72-0.96 atom per cent exeess N°). During 
first twenty days of the experiment, coproporphyrin [| (tetramethylester) \ 
isolated from the urine and feces of this animal; it contained N° in a relatis 
high concentration (1.1 atoms per cent excess). On the thirty-fourth day, 
dog was bled to death, and the total volume of red blood cells removed was tr: 


*Performed by Dr. O. D. Bird, Parke, Davis & Co. 


) 


S 
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fused into a second anemic dog, The following day, erystalline protoporphyrin 
9 isolated from the blood of the recipient animal contained 0.40 atom per cent 
excess N'!. An acute anemia was ther induced with phenylhydrazine,  Co- 
proporphyrin [ isolated from the combined urine and feces during this period had 
no demonstrable N' (less than 0.03 atom per cent excess), while the protopor- 
phyrin 9 dimethylester isolated at the same time from urine and feces did contain 
the isotope (0.133 atom per cent excess). On the twentieth day, when the anima! 
was recovering from the phenylhydrazine anemia, protoporphyrin 9 dimethy- 
ester crystallized from its blood had N' in a concentration of 0.132 atoms per 
cent excess. This experiment has not vet been repeated. Conclusions, therefore, 
must be regarded as being preliminary, The data suggest that coproporphyrin I 
is formed as a by-product during the biosynthesis of hemoglobin and is not 
derived from hemoglobin catabolism. This result was expected. More surpris- 
ing, however, was the increased concentration of N' in the protoporphyrin 9 
from the excreta of the recipient dog, a finding which suggests that the excreted 
protoporphyrin 9 might, in phenylhydrazine anemia at least, be a derivative of 
hemoglobin degraded during the hemolysis. Free ervthroeyte protoporphyrin 
of the red cells would be another possible source of the feeal protoporphyrin 9. 


33. THE COAGULATION DEFECT INO THROMBOCYTOPENIC 
PURPURA 


ARMAND J. Quick, M.D., Jacon N. Suanperce, M.D. (By INvrrarion ), AND 
Mario STEFANINI, M.D. (By [Nviratrion), MitwauKrEr, WIs. 


In thromboevtopenic purpura the platelets are reduced, the bleeding time 
is prolonged, clot retraction is absent, spontaneous hemorrhages oceur, and 
petechiae and other manifestations of vascular fragility appear. The coagula- 
tion time characteristically is nearly always normal. This has led to the taeit 
acceptance that no true coagulation disturbance is present in this disease and 
that platelets are of secondary importance in the coagulation mechanism, 

Recent findings concerning the platelets makes it possible to offer a new 
concept of coagulation and thereby to formulate a better explanation for the 
basic hemostatie dysfunction in thromboeyvtopenie purpura, It is now certain 


that platelets are indispensable for coagulation. When these cells disintegrate 


they liberate an enzyme which immediately acts on the precursor of thrombo- 
plastin (thromboplastinogen), converting it to its aetive form. This product 
cts on the prothrombin complex to form thrombin. When platelets are dimin- 
ed, the conversion of thromboplastinogen is delayed and therefore the activa- 
of prothrombin is abnormally slow. This is easily measured by the pro- 
mbin consumption test, which furnishes a better estimate of the true co- 
stability than the coagulation time sinee the latter is merely an empirical 
Measurement of the time required for the formation of enough fibrin to meet 
au artificially set standard such as sufficient solidity to hold the blood when the 
tube is inverted. 

The prothrombin consumption is markedly reduced in severe thrombo- 
eopenie purpura. The coagulation time may, however, even be shorter than 
horval and therefore mask the basie coagulation disturbance. In hemophilia the 
p rombin consumption likewise is very low. Thus, the basie defect, inade- 
formation of thrombin, is common to both hemophilia and thromboeyto- 
Poe purpura. Yet the clinical manifestations of these two diseases are dis- 

different. One finds, moreover, occasionally a persistent low platelet 
c Without a concomitant spontaneous hemorrhagie diathesis and a_pro- 
d bleeding time. In is likely, therefore, that the characteristic features of 
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thrombocytopenic purpura such as the petechiae, the mucous membrane oozing 
ot blood, and the prolonged bleeding time are not due directly to the deficienc, 
of platelets but are caused by a factor affecting the vascular structure, particu 
larly the capillaries, and this is superimposed upon the basie coagulation de 
fect. In summary, the poor prothrombin consumption and the defective elot 
retraction are due directly to lack of platelets, while the spontaneous hemor 
rhagic tendeney is attributable to a vascular factor whose action is accentuated 
by the coagulation defect. 


34. A STUDY OF THE PLASMA DEFECT IN) PATIENTS WHOSE 
BLEEDING IS TEMPORARILY CONTROLLED BY PROTAMINE 
SULFATE OR TOLUIDINE BLUE 


J. GaRRoTT ALLEN, M.D. (By INviratrion), LEON O. JACOBSON, M.D., AND 
BURTON J. GROSSMAN, B.S. (By INvrraTtion ) 


CHicaco, [nu. 


The anticoagulant action of heparin is rapidly overcome upon addition of 
protamine (salmine sulfate). Normally when a standard amount of heparin 
is added to a constant volume of blood (0.09 me. of liquid heparin per milliliter 
of blood), its action is regularly overcome and clotting occurs with a standard 
amount of protamine sulfate, 0.120 me. In certain hemorrhagie states, most 
but not all of which are associated with thrombocytopenia, considerably more 
protamine may be required before clotting occurs. These patients general]) 
have a prolonged Lee-White clotting time, the clotting of which is preceeded hy 
a gel-like formation. This syndrome has been observed in patients with leu 
cemia who are bleeding, patients under extensive nitrogen mustard and/or P 
therapy, a small percentage of patients with idiopathic thrombocytopenie pur 
pura, in three patients who received heavy ‘‘spray’’ x-radiation, in some pa 
tients who bleed abnormally but in whom the platelet count and other known 
clotting studies are normal, and in certain patients with menorrhagia. 

The nature of the defect is not known. It may be due to the release of 
heparin or heparin-like substances since the defect measured in this heparin 
protamine titration procedure may be temporarily corrected by the administra 
tion of protamine sulfate or toluidine blue. The possibility of a decrease of 
heparin co-factor associated with a heparinemia (?) has been explored. This 
possibility was suggested by the fact that the amount of heparin required to 
alter the heparin-protamine titration in normal patients or dogs renders thie 
Lee-White clotting time incoagulable. This is in contrast to the defect seen in 
the patient with this bleeding svndrome whose clotting time may be only mod 
erately prolonged but whose heparin-protamine titration is remarkably altere: 
However, since in vivo rapid intravenous heparin (0.25 to 0.50 me. per kil 
gram) administration in such patients or in irradiated dogs has a mueh greater 
effect upon the whole blood clotting time than usually occurs, it appears u! 
likely that the heparin co-factor is abnormal. 

Since many of the plasma and tissue proteins are antiheparins, it may 
that the associated protein changes in some of these disorders in part accou 
for the disturbance through the release of heparin or heparin-like substance 
which may then affect the clotting system. Present studies suggest that 
diminution in the antiheparins of plasma and/or an increase, relative or actu: 
of the plasma heparinoid substances are the systems most likely affected. Me: 
data are required before a final conclusion can be drawn. 
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39. CHANGES IN BLOOD AND BONE MARROW IN ACUTE LEUCEMIA 
INDUCED BY AMINOPTERIN 


J. M. Stickney, M.D., A. B. HaGgeporn, M.D., S. D. Minus, M.D., anp 
TALBERT Coorer, M.D. 
ROCHESTER, MINN. 


(INTRODUCED BY F. J. Heck, M.D.) 


4-Aminopteroyl glutamic acid (Aminopterin) was administered to eight- 
een adults and children with acute leucemia diagnosed by study of the blood 
and bone marrow. Remissions in the clinical course of the disease as well as 
improvement in the blood and bone marrow were observed in some instances, 
although many patients made no response to the drug. Toxie manifestations 
included stomatitis, diarrhea, alopecia, deafness, and temporary aplasia of the 
bone marrow. In an attempt to prevent these toxie effects, vitamin B complex, 
erude liver, and folie acid were used. 

When the response to treatment was favorable, changes in all the elements 
of bone marrow were conspicuous. The myeloid cells assumed a more normal 
pattern and in lvmphatie leucemia the lymphocytes decreased and became more 
mature. The inerease in erythropoiesis was striking. When folie acid or liver 
extract was not administered, the marrow sometimes contained megaloblasts 
and hyperlobulated polymorphonuclear leucocytes. Liver or folie acid pre- 
vented megaloblastic changes or caused them to disappear after they were estab- 
lished. 

These observations are further confirmation of the theory that Aminopterin 
has an action antagonistie to that of folic acid. The leneth of time over which 
the clinieal observations have been made does not permit any definite conelu- 
sions about the eventual effect of Aminopterin in acute leueemia. 
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ADDITIONAL ABSTRACTS 


36. THE MINIMAL SODIUM DIET. A CONTROLLED STUDY OF TTS 
EFFECT UPON THE BLOOD PRESSURE OF AMBULATORY 
HYPERTENSIVE SUBJECTS 


Mitton LANDOWNE, M.D., Waurer THomMpson, M.D. (By INviration), AND 
BarRBARA Rusy, B.S. (By Inviration). Cricaco, [un. 


The administration of a diet rigidly restricted in sodium may influenc 
the habits and reactions of the patient profoundly, altering blood pressur 
through mechanisms unrelated to the effeet of sodium restriction per se. A eon 
trolled evaluation of the factors attendant upon the use of this diet is neces 
sary, particularly in the nonhospitalized patient. Accordingly, twenty-one 
hypertensive subjects were placed on a calorically adequate diet estimated to 
contain less than 3800 meg. of sodium per day and were followed for approx 
imately eighteen weeks. Blood pressures were obtained in the elinie by a con 
stant technique, and twenty-four hour urine collections were made once a week 
All subjeets received medication, consisting either of 4 Gm. of NaCl a day o1 
of identical appearing placebos. After eaeh six-week period the medication 
was either changed or continued according to prearranged schedules, initially 
selected at random for each subjeet by the pharmacist 

The experiment thus consisted of three periods, differing only in’ that 
during one (or two) period(s) supplemental sodium ehloride was administered, 
while in two (or one) period(s) the sodium intake remained at a bare minimum 
The subject, whose cooperation was solicited, was unaware of the nature of the 
medication, and during the study the investigators did not know which medica 
tion was being taken, 

Results. -Data from whieh evaluation of the effeet of rigid sodium 1 
striction upon blood pressure could be based were available from only eight 
of the subjects. The criteria for their selection required that the twenty-fou 
hour urinary sodium average below 500 meg. for at least one period and over 
1,000 meg. for at least one period. Tor these subjects the average of the blood 
pressures taken during rigid sodium restriction was lower than the average 
during the periods of added sodium, by 4.72 mm. He diastolie (range, 18.5 to 

8.02) and 4.96 mm. He systolic (range, 22.15 to —7.90). 

All twenty-one subjects vielded data for at least two periods of a Jil 
order of sodium exeretion, from which the variances of the blood pressures for 
the group were determined, On this basis, the probability that the experi- 
mentally observed differences could be due to chance is less than 1 in 50 for the 
diastolie values (t =— 3.01) and less than 1 in 20 for the syvstolie values 
(t = 2.36). 


Conclusions. 

1. A diet rigidly restricted in sodium is difficult to administer successt! 
to ambulatory hypertensive subjects. 

2. A difference of less than 5 mm. He in average blood pressure was 
served, aseribable to the effect of NaCl restriction alone. 

3. This difference is statistically significant. 
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37. THE EFFECT OF DESOXYCORTICOSTERONE ACETATE AND 
PROPYLENE GLYCOL IN; EXPERIMENTAL RENAL 
HYPERTENSION 


W. D. Davis, Jr., M.D. (By Invitation), ALBERT SEGALOFF, M.D., AND 
WILLIAM JAcoss, M.D. (By Invitation), NEw ORLEANS, LA. 


Experiments performed to determine the blood pressure response in renal 
hypertensive and normal dogs revealed the following: (1) a small but definite 
pressor effect from intravenous administration of propylene @lyeol in unanes- 
thetized does, (2) no additional effect from intravenous administration of 
desoxycorticosterone acetate dissolved in) propylene glyeol, (3) no pressor 
effeet from intravenous administration of desoxycorticosterone e@lucoside, and 
(4) a similar and sustained pressor effect from continued subeutaneous admin- 
istration of desoxyvecorticosterone acetate in sesame oil in both normal and hyper- 
tensive dogs. 

Initial experiments were performed on monerel dogs trained for blood 
pressure determinations by femoral arterial puneture. Three were made hyper- 
tensive by renal arterial clamps or perirenal silk wrappings. Approximately 
eighteen months were allowed as the postoperative stabilization period. Desoxy- 
corticosterone acetate in daily doses of 0.15 to 1.28 meg. per kilogram of body 
weight was given for a total of eight periods of six weeks each in three hyper- 
tensive and two normal dogs. Blood pressure rises of 25 to 50 mm, Ig were 
observed in seven instances. These were sustained and disappeared within two 
to four weeks of withdrawal of the drug. Repeat courses of the drug in the 
same animals produced shorter and less-pronounced elevations of blood pres- 
sure, which tended to return to control level before the drug was discontinued. 
In some instances the post-treatment levels were 20 to 30 mm, Ie lower than 
control levels. There were no essential differences between the responses of 
the hypertensive and the normal dogs. 

In a second group of experiments propylene glycol and desoxycorticosterone 
ieetate in propylene elyeol were given intravenously to three hypertensive 
and three normal dogs. In twenty-six determinations no significant difference 
between normal and hypertensive blood pressure responses to the two prepara- 
tions was noted. Two eubie centimeters of propylene glycol regularly produced 

rise of 15-30 mm. Hein both groups. The response was unchanged by the 
addition of 5 me. of desoxyvcorticosterone acetate. 

Aqueous desoxycorticosterone glucoside in dosage of 5 mg. intravenously 
had no pressor effeet in any instance. In an acutely hypertensive dog anes- 

etized with pentobarbital sodium no significant pressor effects were observed 
any of the three preparations. 


INTRA-ARTERIAL BLOOD PRESSURE CURVES DURING TILTING 
A New Mernop or Strupy1inG HypPrerRtTENSION 


RoBert S, GREEN, M.D. (By Ixviratrion), ARNOLD IGLAvER, M.D., ANpD 
JOHNSON McGuire, M.D., CINCINNATI, OHIO 


Previous studies demonstrated that the blood pressure at the level of the 

¢ arch invariably rose during a tilt from 20 degrees erect to a 45-degree 

down position and fell during the return tilt to the 20-degree erect position. 

‘alterations were due to a change of the effect of the force of gravity on 
{ entral blood column. 
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These changes apparently acted as intra-arterial stimuli to blood pressur 
regulatory mechanisms. In normal subjects. maintained in the altered position 
the primary elevation that occurred during the head down tilt was followed by 
a secondary reilex depressor response; the fall during the erect tilt by a presso) 
response, whereby the blood pressure returned within eight to eighteen seconds 
to approximately the initial level, regardless of position. 

Similar studies have been completed in a series of fifty nonselected pa 
tients with hypertension. Primary mechanical alterations of blood pressure oc 
curred during tilting as in the normal group. However, the secondary response 
to these alterations varied. 

The elevation during the head down tilt was followed by four types ot! 
response : 

lL. Delayed depressor : the blood pressure rose further before falling 
2. Decreased depressor: the blood pressure remained at an elevated 
level for a prolonged period. 

3. Normal depressor. 

4. Increased depressor: the pressure shortly after the head down 
tilt was lower than in the semierect position. Patients with this 
tvpe response usually complained of dizziness on bending over. 

The fall during the erect tilt was also followed by four types of response 

1. Increased pressor: the blood pressure immediately surged beyond. 
then gradually returned to the initial level of the 20-degree erect 
position. 

2. Normal pressor. 

3. Deereased pressor: the blood pressure remained lower than. the 

initial ereet level for a prolonged period. 
4. Delaved pressor: the blood pressure fell further before returning 
to the initial erect level. 

Patients with the two latter types of response usually complained of dizzi 
ness on arising suddenly. 

Various combinations of pressor and depressor response occurred in indi 
vidual patients; that is, normal depressor with increased pressor, decreased 
pressor with normal pressor, ete. In a given patient the combination of 1 
sponse remained constant on successive tiltings. 

In normal subjects the heart rate invariably slowed following the head 
down tilt. In some hypertensive patients the heart rate slowed as in the norma 
in others it did not change. 

It is hoped that this method of study of the cardiovascular reflexes wil! 
offer a means of classifving hypertension and indieate possible approaches to 
treatment. 


39. ANTIBODIES AGAINST RENIN AND “‘SUSTAINED PRESSOR 
PRINCIPLE” PRODUCED BY INJECTIONS OF 
KIDNEY EXTRACTS 
QO. M. Heumer, Pu.D., R. BE. Sutpiey, M.D. (By Ixviratrion), J. D. Petree, M.!) 
(By InNviration), AND Kk. G. KoHLSTAEDT, M.D., INDIANAPOLIS, IND. 

Intramuscular or intraperitoneal injection of various kidney extracts 1/0 
several animal species caused the appearance in the sera of a substance or su)- 
stances capable of destroying or ‘‘neutralizing’’ renin and the ‘‘sustained 
pressor principle.’ 

Extracts prepared from hog kidneys were administered over the period 
of a vear to a series of ten hypertensive patients. Although antibodies agai: 
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hog renin and hog ‘‘sustained pressor principle’? were formed in the serum of 
these patients, the antibodies failed to neutralize human renin or ‘‘sustained 
pressor principle.’’ These extracts which did not possess irritating and shock- 
producing properties caused no lowering of blood pressure in the patients. 

Of the several types of animals used, only the dog produced antibodies to 
its own renin when injected with heterologous kidney extracts. 


40, EFFECTS OF SPLANCHNICECTOMY ON BLOOD PRESSURE AND 
ON CARDIAC AND RENAL FUNCTION 


S. W. Hoosier, M.D., J. T. MANNING, M.D. (By INvirration), S. G. MCCLELLAN, 
M.D. (By Inxviration ), HENRY RENvERT, JR., M.D. (By INvitation), 
AND Max M. Peer, M.D. (By Invitation ) 
ANN ARBOR, MICH. 


One hundred eight hypertensive patients were studied before and ten to 
sixteen months after supradiaphragmatie splanchnicectomy (Peet).  Thirty- 
one control patients acceptable for the operation who did not undergo surgery 
were re-examined ten to eighteen months later under similar conditions. These 
patients were comparable to the operated group in age, sex, height of blood 
pressure, and duration of hypertension and were treated by the usual medical 
methods, ineluding mild sedation in some cases. Table I presents the significant 
differences in the observations on the two groups at the time of follow-up ex- 
amination, 

TABLE | 


POST SPLANCHNICECTOMY 


SERIES CONTROL SERIES 
INITIAL STATUS OF PATIENT NUMBER % IMPROVED) NUMBER % IMPROVED 
Casual diastolic blood pressure exceeding 80 21" 25 0* 
110 mm, mereury 
Cardiac enlargement present by teleroent 15 26 5 0 
genogram 
Electrocardiographic abnormality present 8] 22 9 0 
Headaches S4 92 20 50 
Irritability and nervousness 73 72 16 25 
Dizziness” 50 76 13 54 


*More than 20 mm. decline in casual diastolic blood pressure at follow-up visit was 
nsidered “improved.” 


Only twelve of the patients had a diastolic blood pressure below 90 after 
operation. We believe, however, that there were definite evidences in certain ot 
he other hypertensive patients that the operation improved their clinical status 
when they were compared with the control subjects. This result was aeccom- 
lished with a minimum postoperative disability: patients left the hospital ten 
to twelve days after operation and were able to resume full activity in two to 

ee months, 

Sixteen of the splanchnicectomized patients who had had a 20 mm. de- 
ic in diastolic blood pressure were compared with seventeen patients who 
| experienced slight increases in pressure one year after operation. In gen- 

erol, the subjeets in the group which improved were younger, had a higher 
al blood pressure, contained more females, and showed a greater fall in 

id pressure after tetraethvlammonium than did those in the group showing 

results. 

In thirty-four patients renal hemodynamics were studied before and at 
ous time intervals after operation. Renal blood flow (para-aminohippurate 
rance) was usually unchanged, but filtration rate (mannitol or thiosulfate 
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clearance) tended to fall, with a consequent decline in filtration fraction. In 
seven patients with a 20 per cent postoperative reduction in mean blood pres 
sure, the renal blood flow was maintained, and there was a consequent decline 
in renal resistance suggesting some postoperative renal vasodilatation. 


41. THE ARTERIOLES OF THE SKIN IN ESSENTIAL ILYPERTENSION 


KpGar A. Hines, Jr., M.D., Rocuesrer, MINN., AND EUGENE M. Farber, M.D. 
(By InNviratrion), San FRANCISCO, CALIF. 


It is generally accepted that a diffuse disturbance of the arterial side of the 
vascular system exists in hypertension, Curiously enough, the cutaneous arteri 
olar beds in people With essential hypertension have not been studied adequate) 
lor this reason we felt that a controlled study of the arteriolar bed of the skin 
in a group of persons who had essential hypertension might be of value. 

Material for this study was obtained from the upper arm, lumbar region, 
and calf of fifty-two persons who had normal blood pressure and from seventy 
persons who had moderate to severe essential hypertension, The skin was ob 
tained by means of excision and punch. <All the material in the hypertensiv: 
group Was secured trom living people. The voungest person with hypertension 
was 29 years old; the oldest person was SO vears of age; the mean age was 44 
vears. Of the fifty-two specimens of skin removed from persons who had not 
mal blood pressure, forty were taken from living people and twelve were ol) 
tained at necropsy. 

Sections for microscopic study were made. A Bausch and Lomb mieromete: 
eyepiece was used over a high-power objective, which produced a magnification 
of 4380 times (48 x 10). With this instrument the average thickness of the 
wall of the vessel and diameter of the lumen were measured. We studied every 
slide from left to right and made measurements of the first four arterioles we 
saw in each slide. 

A measurable thickening of the arteriolar wall and a decrease in the wa! 
to-lumen ratio as compared with normal were found in vessels of the skin o! 
patients with hypertension. The average of the wall-to-lumen ratio of the ar 
terioles of fiftv-two persons with normal blood pressure was 1:2.14; among 
seventy persons who had essential hypertension it was 1:1.57, Not all arterioles 
were equally affected in the same ease. 

Qualitative changes were also present. Hyperplasia of the nuclear elements 
of the media and thickening of the inner elastic lamina appeared to be the most 
common changes. Occasionally, complete occlusion of the lumen oeeurred 
Although the arterioles in the skin of persons who had malignant hypertensio! 
were more profoundly altered than were those of persons who had other types 
of hypertension, equally severe qualitative changes were present in the arterioles 
of a number of persons who had the other types of hypertension. Tour patient 
with normal blood pressure had medial hypertrophy of the arteriolar wall 


42, RETINAL ARTERIOVENOUS NICKING 
II. A Long-Term Stupy oF THE DEVELOPMENT OF ARTERIOVENOUS NICKING 
PATIENTS With HyprertTENSION 
SAMUEL A, SHELBURNE, M.D., DALLAS, Texas 
We reported our studies on the significance of various stages of retinal 


teriovenous nicking in patients with hypertension before this society in Nov 
ber, 1939. We have now re-studied a group of these same patients after elg 
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to ten-year intervals and have followed for the first time the development of 
arteriovenous nicking from the earliest stages to the latest. We have thus shown 
for the first time that the so-called early lesion actually develops into the late le- 
sion. The importance of distinguishing these lesions one from the other will be 
emphasized. Color drawings of unusual clarity will be presented showing the 
various types of arteriovenous nicking and other retinal arterial changes found 
in hypertensive patients. 


43. THE INSULIN TOLERANCE OF THE HYPERTENSIVE PATIENT 


GezA DE Takats, M.D., AND Jack Lasner, M.D. (By INvirarton 
CHicaGo, IL. 


The insulin tolerance of fifty hy pertensive patients have been studied. One- 
tenth of a unit of insulin per kilogram of body weight was injected intravenously 
and blood sugar levels were determined at 15, 30, 60, 90, and 120 minutes after 
each injection. A normal response was characterized by a drop of the blood 
sugar to about 50 per cent of the fasting level at thirty minutes followed by a 
return to normal in the next two hours. 

In the present series of fifty patients, 16 per cent showed complete and & 
per cent showed a partial resistance to the intravenous dose of insulin, This 
insulin response was used to measure the presence of corticoadrenal aetivity. 
Such hyperactivity may be one of the causes of immediate failure followine 
splanchnie nerve section, although delaved improvement may occur. 

In addition, our previous observations that the insulin-resistant diabetic 
patient becomes insulin sensitive after splanchnic nerve seetion was observed 
in two patients with diabetes in this series. 


44. PALPITATION 


Epwarp Massir, M.D., AND Hersert C. WirGanp, M.D. (By INvitation 
Sr, Louts, Mo. 


Palpitation is a symptom usually miueh more alarming than serious, — It 
consists of an unpleasant sensation of the heart’s action whether slow or fast, 
egular or irregular. It more frequently does not indicate primary physieal but 
rather a psvelue disturbance. 

our hundred patients from Barnes Hospital, private practice, and the 
Washineton University Clinies presenting various degrees of palpitation were 
studied to determine the clinical characteristics of this condition, Of this 
Mp, approximately half were clinie and the other half hospital patients 

four per cent were females and 86 per cent males. Palpitation was noted 
primary complaint in approximately half the entire group and as an 
ssory complaint in the remainder. The commonest age incidence was in the 
group from 40 to 50 vears, and next in order of frequeney were the sixth and 
th decades. One hundred ninety-five (49 per cent) had a severe form of 

itation, 183 (46 per cent) had this symptom to a moderate degree, and 22 

er cent) considered it mild. In women the complaint appeared more con- 
SI tlv.in the severe form. 

YY the 152 > patients with eardiae and vascular disease, the principal 
ic factors included arteriosclerosis and hypertension (53 per cent), hyper- 
feo son alone (18 per cent), and rheumatic fever (7 per cent). Seventeen pet 
of the total group had extraeardiae conditions of diverse type. The ar- 
mias encountered in the 325 patients who had eleetroecardiograms in- 
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cluded ventricular extrasystoles (22 per cent), auricular fibrillation (12> px 
cent), sinus tachveardia (9 per cent), sinus bradveardia (6 per cent), and ver: 
few instances of auricular extrasystoles, auricular flutter, and paroxysm: 
auricular taehyveardia. Two patients had complete heart block. Two hundre 
twenty-seven patients had basal metabolism tests; only three had rates aboy 
30 per cent, and nine were in the range from | 20 to +30 per cent. Only six p: 
tients had ¢linieal hyperthyroidism. 

Two hundred twenty-eight (57 per cent) of the entire group presented p1 
ary nervous complaints, and of these patients, 57 per cent had a definite anx 
ety state, 22 per cent were typical of neurocirculatory asthenia, 12 per cent 
presented prominent menopausal svmptoms, and 9 per cent were psychotic 
Analysis of the cases revealed no significant evidence that such factors as anemia, 
fever, digitalis, or smokine had any direct connection with this symptom. Ex 
cessive intake of alcohol or coffee seemed to produce marked palpitation, U1 
doubtedly the most common etiologic factor was the presence of a significant 
anxiety state, and when this was associated with emotional stress or fatigue, 
palpitation became not only a frequent, but also a most troublesome sVvInpton 


45, OBSERVATIONS ON ONE HUNDRED PATIENTS WITH 
MYOCARDIAL INFARCTION WHO SURVIVED 
UP TO SIX YEARS 


G. Y. Minus, M.D. (By Inxvirarion), F. Cisneros, M.D. (By INviIraTiIon), AND 
L. N. Katz, M.D., Cuicaco, Iu. 


We have recently had the opportunity to make a follow-up survey on 100 
patients who had survived an acute myocardial infarction for from one to six 
vears. 

Our patients represented a cross section of the population with varied oc 
cupations, interests, and income. Most of the patients had returned to their 
former jebs. In most instances the vounger patients were more regularly able 
to resume a full share of previous activity after recovery than the older ones. 

In general the trend was toward a higher blood pressure at follow-up than 
that which existed at the time of infarction. Males were more prone to have 
hypertension with the greatest incidence on the fifth decade. Hypertension was 
the most frequent finding amone patients with little electroecardiograplhic 
restitution. 

Angina pectoris occurred four times as frequently in males as in females. 
with the greatest incidence in the sixth decade. There appeared to be no rela 
tionship between angina pectoris and the amount of eleetroeardiograplhic 
restitution. 


Heart failure was seen most frequently in patients in the sixth deca 
Almo. all of these patients showed little electrocardiographie restitution. 

Combinations of angina, hypertension, and heart failure were most 1 
quent among males than females, especially in the fifth and sixth deeades. N« 
of the patients with complete electroeardiographie restitution had a combinatic 
of angina, failure, or hypertension. 


More than five times as many males as females were ‘‘asvymptomatie’’; {he 
greatest incidence was in the fourth decade. Patients with previous lateral 
or atypical infaretion electrocardiographie patterns were most likely to 
asymptomatic. Approximately two-thirds of the asymptomatie patients }id 
no disturbanes of conduction, rhythm, or voltage at the time of their infareti n. 
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16. INTRAVENOUS CATHETERIZATION OF THE HEART IN THE 
DIAGNOSIS OF CONGENITAL HEART DISEASE 


Don W. CuarMan, M.D., Luoyp J. GuGie, M.D. (By INvrrarion ) 
Houston, TEXAS 


Recent advances in surgical alteration or correction of certain congenital 
defects of the heart and great vessels make it imperative that more accurate 
diagnosis of such lesions be made. Intravenous catheterization of the heart has 
been a useful aid to ascertain the condition in patients suspected of havine such 
congenital abnormalities. 

A 6 French or 9 French special catheter is introduced into the median 
basilie vein and passed under fluoroseopie control via the subelavian vein and 
superior vena cava into the right side of the heart and into the pulmonary artery 
and its branches. The oxygen content of samples of blood are obtained at var- 
ious sites and should not differ normally by more than 1.9 volumes per cent. 
Pressures in the various sites are recorded by means of a Hamilton manometer. 

This procedure has been used in 58 patients with, or suspected of having, 
congenital defects of the heart or ereat vessels. The results illustrate its value 
to ascertain whether or not the patient has a defect, to indieate the operability 
when defeets are discovered, and to suggest the prognosis, 

In cases of auricular septal defect the oxvgen content of the blood from the 
right atrium is greater than that in the vena cavae. In patients with ventricular 
septal defects, a significant increase in oxvgen content In the blood from the 
right ventricle is demonstrated when compared with that in the atrium. Septal 
defects may also be demonstrated by passing the catheter through the defect 
into the left side of the heart. Patent ductus arteriosus is diagnosed by finding 
an increase in oxygen content of blood from the pulmonary artery as compared 
with the right ventricle, and occasionally by an inereased pulmonary arterial 
pressure. Cases of evenotie congenital heart disease are presented, showing the 
usual absence of left to right shunt. Cyanotie patients with increased pressure 
in the right ventricle or pulmonary artery are discussed. Combined lesions sueh 
as cyanotic congenital heart disease with patent ductus arteriosus may be found 
and patients with such abnormalities are described. Several patients who 
were suspected of congenital defeets but in whom the eatheterization studies 
were normal are deseribed. A case in which a pulmonary vein was found to 
empty into the right (2?) or common (?) atrium is reported. Complications of 

procedure, ineluding premature ventricular contractions, phlebitis, and 
venospasm, are discussed. 


tH DIETARY AND HORMONAL INFLUENCES IN) EXPERIMENTAL 
ANURTLA 


G. Masson, Pu.D. (By Invitation), A. C. Corcoran, M.D., AND 
IRVINE H. Pace, M.D., CLEVELAND, OHIO 


"he importance of diet in the treatment of uremia has been recently empha- 
by Borst. The present study was devised to test experimentally the ef- 
if high iso-ealorie (9 Cals. per 100 sq. em. body surface per day) earbo- 
te, fat, and protein diets and of the provision of hormones (desoxy- 
osterone acetate and free testosterone, 5 mg. daily of aqueous suspension ) 
0! rvival times and azotemia (blood urea N) in bilaterally nephreetomized 
All treatment was beeun at the time of nephrectomy. 
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Data are summarized in Table 1. Survival was definitely improved an 
azotemlia greatly diminished by administration of fat or earbohydrate rath 
than protein. Survival was somewhat more prolonged and azotemia decrease: 
by administration of carbohydrate rather than fat. 


TABLE I. MEAN SURVIVAL TIMES AND Boop UREA NITROGEN LEVELS IN BILATERALLY 
NEPHRECTOMIZED RATS 


SLOOD UREA NITROGEN 


SURVIVAI 
MBER O1 IMI (MG. ) 
DIET PREATMEN' ANIMALS HR. AT 30 HR. AT 4S HR 

Protein 0) 1) 12 264 550 
DCA 10 14 263 543 

Testosterone 10 14 240 16] 

DCA and testosterone 10 52 281 510 

Carbohvdrate 0 20 95 112 134 
DCA ) 127 89 131 
Testosterone 8) 11S 100 130 

DCA and testosterone a) 116 60 Q() 

Fat ) 10 74 135 72 
DCA 9 79 113 167 

Tesotsterone 9 74 121 173 

DCA and testosterone 9 71 122 166 


Treatment with hormones had no significant effect on survival time regard- 
less of diet. and little effect on azotemia. The data indicate a decrease in blood 
urea in rats treated with DCA and testosterone on the high carbohydrate diet. 
It is not established that this change is significant and it is, in any ease, evident 
that it does not Improve survival. 

These experiments substantiate the beneficial effects claimed by Borst for 
the treatment of uremia by administration of a high calorie diet, composed 
largely of earbohydrate. They do not confirm the suggestions of others that 


lormonal treatment is of value after nephrectomy. 


48. PLASMA PROTEIN STUDIES IN) CHILDREN WITH 
RHEUMATIC FEVER 


EnizaBerH L. KNapp, Pu.D. (By INxvirarion), Josep W. Girrer, M.S. (By 
INVITATION), AND Ropert L. Jackson, M.D., Iowa Crry, Iowa 


Recent statistical studies eompleted ly this clinic revealed an unexpected \ 
low reeurrence rate for a highly susceptible group of voung rheumatie children 
who had received special attention to improve their diets and level of home eare. 
Prior to management, the diets of these children commonly were found to be 


deficient in protein. The relation between analysis and course of the disease 


was studied. In general the electrophoretic partition between the albumin am 
the total globulin fractions confirmed the chemical analysis. The fibrinoge! 


fraction tended to be higher by the electrophoretic method. During the more 


active phase of rheumatie fever the values for plasma albumin were consistent 
and markedly decreased, while the values for gamma globulin, alpha, g@lobul 
and fibrinogen were increased. The changes in the gamma globulin fraetion 
improvement in the clinieal condition 


were particularly pronounced. With 
the ehild, the distribution of the plasma proteins shifted toward the norn 
Return of the sedimentation rate and the plasma albumin to normal values g 


erally occurred simultaneously, but exceptions were observed. 





n 
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19. THE RELIEF OF EDEMA IN NEPHROSIS BY PLASMA ALBUMIN 
AND GELATIN INFUSIONS 


WARREN B. Cooksey, M.D... Derroir, Mic. 


Seven patients with advanced nephrotic edema, who had been treated by 
the usual methods without benefit, were given large amounts of salt-poor plasm: 
albumin intravenously. There were two failures, one of whieh was a death 
from infection. Four cases progressed to a satisfactory remission after the 
marked diuresis which was obtained and one case is still pending. Three pa- 
tients have been diuresed most satisfactorily with 10 per cent gelatin in distilled 
water, and three have been treated with both gelatin and albumin with very 
satisfactory results. These experiences strongly suggest that a greatly hastened 
remission in cases of the nephrotic syndrome is often possible because of the 
effective diuresis brought about by this method. 


D0. THE ACTION OF SEVERAL CARDIAC GLYCOSIDES ON 
EXCITABILITY AND CONDUCTION VELOCITY IN THE DOG HEART 


GORDON K. Mor, M.D., anp RArFarni MENpdEz, M.D. (By INVITATION 
México, D. F. 


Digitoxin (Diegitaline-Nativelle),  lanatoside (  (Cedilanid), ouabain 
Arnaud), and k-strophanthoside (Strophosid) were studied in dogs under 
chloralose anesthesia. The heart was exposed and electrodes attached at various 
points on the surface of the right auricle and both ventrieles, to permit measure 
ment of A-V conduetion, linear conduction on the surface of the ventricles in 
response to electrical shocks, and the threshold of clectrieal excitability of both 
auricle and ventricle. The elveosides were injected at thirty-minute intervals 
in doses ealeulated to ki 








| the heart in about four hours. 

Auricular excitability began to diminish after the first dose, reaching 50 
per cent of normal at 55 to 7O per cent of the lethal dose. Auricular arrest 
oceurred at about 80 per cent of the lethal dose, when auricular excitability was 
trom 17 to 45 per cent of normal. Shortly thereafter the auricles beeame 
completely inexeitable. 

Ventricular excitability increased slightly (10 to 20 per cent) after the 
first dose, but after the administration of 60 to SO per cent of the lethal dose 
began to diminish rapidly, reaching levels of 50 to 60 per cent of normal shortly 
before death. Although the first idioventricular beats were recorded at a time 
When the ventricle was more than normally excitable, the frequeney of extra 
systoles increased, leading eventually to multifocal ventricular rhythms and 
fibrillation, as the exeitability diminished below normal levels. The ectopic 
tivity produced by toxie doses of digitalis cannot therefore be explained in 

us of electrical excitability but rather of increased **automatism, ” 
A-V conduction, as expected, was slowed progressively after the first dose, 
complete block occurred at 55 to TO per cent of the lethal dose. Severe 
airment of A-V conduction was evident before any slowing of intraven 
ilar conduction could be measured. Ventricular conduction from a stimu 
ug to a recording electrode less than 15 mm, distant was rarely delaved and 
h accelerated even in the terminal stage of intoxication. The time interval 
een near and distant electrodes was not altered until about TO per cent ot 
ethal dose had been administered, but then increased progressively until 
Since propagation of a forced beat from the point of stimulation to a 
eleetrode must represent chiefly muscular conduetion, and to a distant 
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point chiefly Purkinje conduction, it would appear that digitalis specifically di 
presses the specialized conducting tissue. Digitalis fibrillation becomes possib|: 
when conduction in the Purkinje tissue has been depressed so much that a 
excitation wave has not vet reached the most distant fibers at the time when 

new impulse has beeun. 


St. ETIOLOGY OF AURICULAR FIBRILLATION AND TILE 
MECHANISM OF ITS PERPETUATION 


J. G. Scunuicuter, M.D., Cuicaco, Inu. 
(INTRODUCED BY L. N. Katz, M.D.) 


Observations on man and the dog are presented which relate to the etiolog 
of auricular fibrillation and the mechanism of its perpetuation. Vagal stimula 
tion and anoxia are the main etiologic factors in the initiation and perpetuation 
of auricular fibrillation. 

Vagal stimulation (mechanical and chemical) may induce auricular fibrilla 
tion. Acetylcholine injected directly into the blood stream was used in our 
experiments to produce chemical vagal stimulation. Moderate anoxia reduces 
the threshold of the auricles to the initiation of fibrillation but does not induce 
this arrhythmia per se; marked anoxia, on the other hand, increases the thresh 
old to initiating fibrillation. 

Anoxia of the auricles was found or produced (1) by interference with ot 
obstruction of its vascular supply, (2) by a deerease in the amount of oxygen 
carriers, (3) by a decreased oxygen content of the blood due to anoxie anoxemia, 
and (4) by interference with tissue respiration. The relationship between 
vagal stimulation and anoxia can be plotted in a graph and on this correlation 
the cause of the perpetuation of auricular fibrillation ean be demonstrated. The 
clinical implication of these findings and the therapeutie approach to this prob 
lem are illustrated and discussed. 


52. DICUMAROL AND QUINIDINE IN THE AMBULATORY 
TREATMENT OF CHRONIC AURICULAR FIBRILLATION 


EK. V. FEIGIN, M.D. (By INVITATION), AND S. A. WEISMAN, M.D. 
Los ANGELES, CALIF. 


This report consists of a study on thirty-three cases of chronie auricul: 
fibrillation treated from the outpatient department of the Los Angeles Count 
(General Hospital. 


es 


The purpose of this investigation was to (1) add preventive measures 
against possible thrombus formation in the auricle and thereby help eliminate 
the probability of embolic phenomena after restoring a chronie fibrillating heart 
to normal rhythm; (2) to re-establish normal sinus rhythm; (3) To re-evaluat 
the difference between the eardiae output in a slow fibrillating heart and that 
of the heart after it has been restored to normal sinus rhythm. 

Material. 

Ser: Twenty-nine males; four females. 

Age range: 17 to 83 vears. 

Etiology: Rheumatoid group, twenty-one cases; arterioselerotic and hy] 
tension group, twelve cases. 

Duration of fibrillation: Approximately two years, 
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Technique.—(1) Patients were first digitalized. (2) Circulation time, ve 
(3) Dicumarol was 


nous pressure, and vital capacity were then determined. 
administered until a prothrombin level of between 80 and 20 per cent was 
obtained. (4) Quinidine therapy was then given in daily increasing doses. 
The maximum amount of quanidine given any patient in a twenty-four hour 
period was 30 grains. (5) After normal sinus rhythm was obtained, cireulation 
time, venous pressure, and vital eapacity were again determined. 

Results.—In eighteen of the thirty-three patients, 55 per 
rhythm was restored. It was also restored in ten patients, 48 per cent, of the 
rheumatoid group and eight, 67 per cent, of the arteriosclerotic and hyperten 


cent, normal! 


sion group. 

Laboratory findings in the restored group: 
Venous pressure lowered on the average of 60 mm. 
Caleium elu 


Vital capacity increased on tlic 
average of 20 per cent. 
Circulation time: ether, increased on the average of 3 seconds. 
conate, increased on the average of 8 seconds. 


538. EXPERIMENTAL STUDIES ON THE COMBINED ACTION OF 
DIGITALIS (CEDILANID) AND QUINIDINE (IN CATS) 


S. A. WEISMAN, M.D., Los ANGELES, CALIF. 


The meaning of the term **combined action’? of quinidine and digitalis on 
the heart, as discussed in the literature, perhaps warrants some clarification. It 
usually refers to the action of these drugs on the heart after they have been 
viven following each other at varying time intervals. 

The purpose of this study was to (1) reinvestigate the pharmacologic action 
of digitalis and quinidine on the heart after giving these drugs in consecutive 
order at varying time intervals: (2) to study the effeet of these drugs on the 
heart after both drues are administered together, and (3) to reinvestigate the 
effect of quinidine on respiration following the administration of digitalis and 
the effect on respiration after these drugs are given simultaneously. 

(‘omparative studies were made on the (1) mortality, (2) heart rate, (3 
blood pressure, (4) electrocardiographic changes, (5) respiration. 

Results.—It was found that there appeared to be less toxie effects on the 
heart and the respiration after these drugs were administered together than 
hen they were given in consecutive order. 

The elinieal application of these observations is discussed. 


o4. PAROXYSMAL TACHYCARDIA, LOW NODAL IN ORIGIN, 
BENEFITED BY CARDIAC SYMPATHECTOMY 


Paut A. Merepitu, M.D. (By Ivviration), Forp Kk. Hick, M.D., ANp 
WESLEY A. GustTAFsOoN, M.D. (By INVITATION), CHICAGO, ILL. 


A 35-year-old, cyanotic, white female, a complete invalid because of  in- 
citating paroxysms of tachyveardia lasting up to fifteen minutes in duration 
occurring thirty to forty times per day, was admitted to the hospital for 


(reneral medical history was of e¢yvanosis since birth, rheumatic fever at 6 
s of age, diphtheria at 7, mastoidectomy at 7; at 22 vears she had had a 
rovascular accident with hemiplegia and aphasia, which essentially cleared 
‘x months. 
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The exact nature of the congenital cardiac anomaly was not determined 
but it was clinically diagnosed as cor triloculare biatriatum. The laborator 
million) and eclectroeardiographie evidence that the origin of the impulse of th 
eardiae stimulus was either low nodal or high in the bundle of His. 

The first attack of paroxysmal tachycardia noted by the mother was whe 
the patient was 3!4 vears of age, and the attacks had progressed from once 
month to the present frequency. It was early noted that vomiting caused 
cessation of the fast rate and this and other manipulations were utilized}: 
the patient. Electrocardiographie tracings were taken when the patient would 


work-up revealed a slight polveythemia (hematocrit, 55 per cent; R.B.C., 5. 


initiate a paroxyvsm of tachveardia by exertion and then stop the same } 
pharyngeal stimulation. Cardiac asvstole up to 8 seconds in duration followed 
this conversion of rhythm. 

It was surprising that the autonomic nervous system exercised control ove: 
eardiae impulse of such low origin. To establish the presence of this contro 
a pharmacologie approach was taken, vieldine the following results: Atropine 
sulfate, given by hypodermic needle, whhin ten minutes produced a tachyeardia 
which persisted for several hours; quinidine sulfate in minimal doses resulted 
in an inerease in frequency and duration of the paroxysms of tachyeardia; 
Prostigmine produced no change; digitoxin in therapeutic and near toxie doses 
gave a decrease in frequency and duration of the paroxysms; di-isopropy! 
Huorophosphate resulted in decreased frequeney and duration of the paroxysms. 

Di-isopropyl-fluorophosphate destroys cholinesterase whieh in turn allows: en 
hancement of the vagus through prolonged action of acetylcholine. ) 

In the light of these findings it was felt warranted to remove the cardiac 
autonomic accelerators (the ceardiae svympatheties) in an attempt to stabilize 
the cardiac rhythm at its slower rate. A two-stage bilateral cardiac sympathec 
tomy of stellate ganglion and the first, second, third, fourth, and fifth thoracic 
nerves was done. 

Since surgery the patient has experienced only about five paroxysms otf 


tachveardia per day, lasting only a few seeonds. 


o. THE EFFECT OF APPREHENSION CAUSED BY THE TECHNICAL 
PROCEDURES ON CARDIAC OUTPUT 
LAWRENCE G. May, M.D. (By Ixvirarion), ALENE BENNeEtrtT, M.D. (By Ixvirs 
TION), A. L. LANE, M.D. (By Invitation), E. D. Futcu, M.D. 
(By INviraTION), Mary Lyxx ScHoomer, M.D. (By INVITATION). 
AND RAYMOND GREGORY, M.D., GALVESTON, TEXAS 


In the course of studies of the effect of spinal anesthesia on eardiae outpu 
the variability due to apprehension was so extreme as to make the results 


these studies wholly unreliable because initial control values within normal 
hasal range could seldom be obtained. Furthermore the eardiae output varied 
unpredictably during the course of the procedures. The variations from stand 
ard normal values were always high. 

This report is based on a study of eardiae output by the direet Fick method 


in twenty-four individuals. There were never less than three serial determi 
tions of cardiae output during an experimental period in any patient. In nip 
patients four consecutive cardiac outputs were done at each experimental peri 

It was our belief that high values were due to apprehension. In gener: 
the rate of oxygen consumption bore out this belief. Attempts to use 1 
appearance of the patient, pulse rates, and respiratory rates as eriteria for ¢ 
citement failed to correlate with either our eardiac output results or with 1 
oxygen consumption. 
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When control values of cardiae output were within normal limits, spinal 
anesthesia to the first thoracic nerve did not cause decrease in cardiac output. 
When control eardiae output values were high, spinal anesthesia caused them 
to drop to normal levels. This is probably due to temporary denervation of the 
heart caused by the high spinal anesthesia. 

Our frequent inability to obtain normal cardiac output values for control 
observations caused us to sedate our patients with Nembutal, morphine, and 
scopolamine prior to and during the observations. The uniformly normal 
control cardiae outputs which we obtained in twelve patients with such sedation 
have been so satisfactory as to make us believe that sedation is essential in 
studies which are directed at determining the effect of certain procedures on 
cardiae output. 


56. THE EFFECTS OF ACUTE HYPOXIA ON THE SENSITIVITY OF 
THE HEART TO ACETYLCHOLINE 


C, CALLEBAUT, M.D. (By [xviration), M. FeLpMAN, JR., M.D. (By Ixviration), 


S. Ropsarp, M.)). (By INVITATION), aNp L. N. Katz, M.D., Cuicaco, ILL. 


This laboratory has recently been engaged in a study of the physiologie 
responses of the circulation to acute hypoxia. We have shown that during 
acute severe hypoxia the response of the blood vessels to epinephrine is greatly 
reduced and that this substance persists in the blood bevond the hypoxie period 
when relief of hypoxia is quickly introduced. The effect of hypoxia on the 
action of acetylcholine on the cardiae pacemakers has also been analyzed. In 
the present study the effect of hypoxia on the sensitivity of the heart to acetyl- 
choline was measured. 

In nine dogs catheters were inserted into the left femoral artery and passed 
under fluoroscopie control into the region of the sinuses of Valsalva. One 
hundred two injections of acetylcholine were used during hypoxia and the 
decrease in rhythmicity and conductivity which was produced was recorded 
electrocardiographically. The threshold dose of acetylcholine injected via the 
catheter required to produce slowing or block was established during air breath- 
ine before and after each hypoxia test. Nitrogen breathing was substituted for 
ir to produce the hypoxia. It was found that the sensitivity of the heart to 
acetylcholine increased progressively with the continuation of nitrogen breath- 
ing, as illustrated in Table I. 


TABLE J] 
DURATION OF HYPOXIA INCREASE IN R-R DISTANCI 
(SEC, ) (SEC. ) | PRESENCE OF A-V BLOCK 
Control 0 0 
00 is 0 
GOO 0.5 
100 bi 
140 Ie 
180 Ry 
220 tp) 


Relief of hypoxia by reoxygenation resulted in a return of the acetylcholine 
sitivity to normal within the next minute or two. 

The cardiae slowing and asystole sometimes seen in acute hypoxia may be 
ated to a similar potentiation of acetylcholine action. It is possible that the 
parent increase of cardiac sensitivity to acetylcholine is in reality the result 
continued presence during hypoxia of endogenous acetylcholine in increasing 
iounts summating with that injected. 
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o7. THE EFFECT OF CERTAIN SYMPATHOLYTIC AGENTS ON THE 
CORONARY BLOOD FLOW OF THE DOG 


GEORGE V. LeRoy, M.D., L. A. NALEFSKI, M.D. (By INVITATION), AND 
Haroutp W. Curisty, M.D. (By INVITATION), CHICAGO, ILL. 


The effect of tetraethylammonium bromide and Dibenamine on the coronary 
blood flow of dogs was investigated using a modified Morawitz cannula technique 
for measuring the coronary sinus outflow. The conditions of administration 
approximated those used in ordinary clinieal practice. With tetraethylam 
monium bromide there was no influence on the coronary sinus outflow while the 
drug was being injected. After the intravenous infusion was completed, a smal! 
increase of the flow was usually observed. The drug had no effeet on the 
characteristic coronary vasodilator action of adrenalin. Intramuscular injection 
of tetraethvlammonium bromide had no detectable influence on the coronary 
blood flow over a period of several hours. When Dibenamine was given by 
venoclysis, no change was seen in the coronary flow during, or for several hours 
after, administration. With the doses used the peripheral vasopressor action 
of adrenaliit was either reversed or nullified. The typieal coronary vasodilator 
action of adrenalin was not affeeted by Dibenamine. In dogs that had reeeived 
Dibenamine, stimulation of the peripheral ends of the cut vagi resulted in a 
modified response. It is apparent that the action of these svmpatholytie agents 
on the coronary blood flow is distinetly different from their action on the blood 
flow in the extremities. Since these animals were all normotensive it was not 
surprising to find that there was only a moderate decrease in systolic blood 
pressure during the administration of tetraethylammonium bromide and Dibena- 
mine. The fact that these sympatholytie agents which are eapable of markedly 
increasing the blood flow of the limbs did not alter the coronary blood flow is 
of clinical interest. 


o8. DIBENAMINE 


MAuvRIcE HARDGROVE, M.D., AND DANIEL J. MENDELSON, M.D. (By INVITATION) 
MILWAUKEE, WIs. 


A study was made of the effect of Dibenamine (dibenzyl-beta-chloroethy] 
amine) on blood pressure and the peripheral arterial system. Toxie effects wer 
noted. The drug is a tertiary amine and is sympatholytic and adrenolytie in 
action. 

Dibenamine was given intravenously to six patients. Five of the patients 
had essential hypertension and one had normal blood pressure. Skin tempera 
tures were determined on four of the patients after the administration of Dibena 
mine. The first patient studied received a dose of 2.5 mg. per kilogram and the 
other five received a dosage of 4.0 mg. per kilogram. 

Dibenamine caused a marked orthostatic hypotension lasting from five t 
twenty-four hours in all six patients. It also caused a rise in the skin tempera 
ture of the lower extremities. The maximum rise in temperature occurred 
within three to five hours after giving the drug and lasted for from five to 
forty-nine hours. The vasodilator effeet upon the skin lasted longer than th¢ 
effect upon the blood pressure. Toxic reactions consisted of nausea and vomiting 
in one case and thrombophlebitis in another. Marked vertigo and faintness 
oceurred in all patients on assuming the standing position. These symptoms 
disappeared upon reclining. Contraction of the pupils occurred in all. Nasa 
congestion occurred in five, and two patients complained of dryness of the mouth 
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59. THE EFFECTS OF DITFYDROERGOCORNINE ON TILE 
PERIPHERAL CIRCULATION IN MAN 


Dante. W. Hayes, M.D. (By Inxvirarion). Kuauin G. Wakim, M.D., PH.D., 
Bayarp T. Horton, M.D... AND Gustavus A. Perers, M.D. (By PNvItraTtion ) 


ROCHESTER, MINN. 


The effeets of the intravenous administration of dihydroergocornine (DILO- 
ISO), an ergotoxic alkaloid, on skin temperatures, blood pressure, heart rate, 
and peripheral blood flow were studied in twenty human volunteers. The action 
of the drug is chiefly sympatholytic and, therefore, the drug is considered to 
be a vasodilator. It was administered to six patients by intravenous infusion in 
a solution containing 0.5 me. of dihydroergocornine per 100 ¢.c. of physiologic 
saline solution and to fourteen patients by a single intravenous injection. The 
total dosage varied from 0.25 to 0.4 mg. Control values for skin temperatures, 
blood pressure, heart rate, and blood flow were determined before the drug 
was given, and the observations were again recorded at regular intervals for a 
period averaging sixty-five minutes after administration of the drug. The blood 
flow was determined by means of a venous ocelusion plethysmograph with a eom- 
pensating spirometer recorder. Skin temperatures were recorded by means of 
thermocouples applied to the skin over the forehead, over the right and _ left 
deltoid museles, and over the right and left quadriceps femoris muscles. 

Dihydroergocornine produced an over-all average increase in’ peripheral 
blood flow of 95 per cent in the upper extremities and 68 per cent in the lower 
extremities in nineteen of twenty cases. In spite of the increase in blood tlow 
in the extremities, the skin temperatures were slightly decreased, even during 
the maximal increase in blood flow. 

The blood pressure fell in the two hypertensive patients after administra- 
tion of dihydroergocornine. The decrease of systolic pressure was 58 mm. He 
in one case and 30 mm. He in the other, while the diastolie pressure fell 18 mm. 
lz in the former and 10 mm. He in the latter. In normotensive subjects there 
Was no significant change in blood pressure. 

The heart rate decreased in every case, with an average reduction of 18 
heats per minute. 

Side reactions were more frequent than had been reported by other in- 
vestigators, even with lower dosage. Nasal congestion, nausea, headache, flush- 
ing, an urgeney for urination, and vomiting were the side reactions observed. 


60. RELATION OF TOBACCO SMOKING TO DISEASES OF THE 
RESPIRATORY AND CIRCULATORY SYSTEMS 


(. A. Minus, M.D., ANp Marvsorte Mints Porter, M.D. (By INVITATION ) 
CINCINNATI, OHIO 


In order to have a satisfactory picture of normal smoking habits, we made a 
ise-to-house survey in every census tract of the city of Columbus, Ohio, with 
verbal questionnaire on individual smoking habits of persons over 20 vears 
age. About 1,000 persons of each sex and color were interviewed and the 
sults summarized by age groups and city districts (suburban, intermediate, 
d slum). The details of this survey will serve as a useful basis of normal 
oking habits in future studies, when they are published in detail. 

The smoking habits of persons dying of buceal and respiratory tract cancer 
Cincinnati and Detroit were compared with those of the Columbus controls 
| the following differences noted: (1) The incidence of cigar and pipe smok- 
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ing was very significantly higher among both the buecal and the respiratory 
tract male cancer vietims than among men of corresponding ages in Columbus, 
while the incidence of nonsmokers was significantly lower than among the proper 
Columbus controls. Cigarette smoking incidence did not differ sienifieantly 
from the Columbus standard for either these male or female cancer victims. 

With individuals suffering from pulmonary tuberculosis in Dunham Hos 
vital (Cineinnati), the pipe and cigar smoking habits of men were found to bi 
similar to those of the proper Columbus controls, but the incidence of cigarette 
smoking was significantly higher than normal among both male and female 
patients. Studies on smoking habits of pneumonia victims are not vet far 
enough along to report. 

Although tobacco smoking has been stronely indicted in various diseases of 
the cireulatory system, adequate detailed and convineing proot has been lacking 
up to now. To supply proof which could be quantitatively essaved on a mathe 
matical basis, we mailed questionnaires on tobacco smoking habits to the next of 
kin or informant named on death certificates of all white persons dying in 
Cincinnati from coronary heart disease during the two vears 1946 and 1947 
From the returned questionnaires the following findines were obtained: (1 
all white victims under 40 years of age were cigarette smokers; (2) the heavy 
preponderance of cigarette smokers gradually decreased to near the expected 
normal by the age of 70 vears, but by then pipe and cigar smoking was signifi 
cantly above normal; (3) at all ages the percentage of nonsmokers was very 
significantly below that found among appropriate Columbus controls. 

This survey is being extended to include peptic uleer and certain othe 
states in which nicotine effects on the autonomic ganglion cells might play a role 

It does seem clear that cigar and pipe smoking is significantly related te 
eancer of the air passages and lunes, while cigarette smoking is significantly 
related to infectious diseases of the respiratory tract. Cigarette smoking below 
65 vears of age and pipe or cigar smoking above that age are significantly related 
to fatal attacks of coronary heart disease. 


61. FACTORS INFLUENCING THE T WAVE OF THE ELECTRO- 
CARDIOGRAM,; AN EXPERIMENTAL STUDY EMPLOYING 
INTRACAVITARY AND EPICARDIAL LEADS 


I. Errects or HEATING AND COOLING OF SUBEPICARDIAL AND 
SUBENDOCARDIAL LAMINA 


HERMAN K, HELLERSTEIN, M.D... AND IRVING M. Liepow, M.D... CLEVELAND, OHIO 
(INtTROpUcED BY HAroup Fret. M.D.) 


Only recently has the question been raised as to the contribution of depolari 
zation and repolarization of the subendocardial Jamina to the genesis of thi 
electrocardiogram. The employment of intracardiae catheter electrodes has 
facilitated the study of the electrical influence of the myocardium. In. the 
present study this technique was employed to investigate the genesis of eleetrica 
events established by changes in the rate and direction of repolarization of sub 
epicardial and subendocardial lamina. These changes were produced by heating 
and cooling the epicardium and the endoeardium. Intra- and extraventrieula. 
(epicardial) exploring unipolar electrodes were used. The method of ehaneins 
the temperature of the subendocardial surface relative to that of the epicardiun 
consisted of introducing physiologic saline at various temperatures through it 
dwelling intracavitary catheter electrodes. Epicardial thermal changes wer 
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produced by local application of cold and hot saline-soaked pads and ice cubes 
of various sizes. The effects were immediate, with rapid recovery occurring in 
ten seconds to two minutes, 

Negative T waves occurred where the exploring electrode immediately sub- 
tended areas which had relatively or absolutely retarded repolarization; positive 
T waves occurred where the exploring electrode faced areas which had relatively 
or absolutely accelerated repolarization. 

It was found that negative T waves occurred : 

A. In the eavity (1) when the endocardium was cooled; (2) when the 
endocardium was not altered, but the epicardium was heated. 

B. On the epicardium (1) when the epicardium immediately under the 
electrode was cooled; (2) when the endocardium subjacent to the epicardial 
exploring electrode was heated; (8) when the endocardium of the opposite wall 
was cooled. 

Positive T waves oceurred : 

A. In the cavity (1) when the endocardium was heated; (2) when the 
epicardium was cooled. 

B. On the epicardium (1) when the subjacent epicardium was heated; 
(2) when the subjacent endocardium was cooled. 

Direct evidence has been obtained that changes in the electrical state of 
the subendoeardial muscular lamina modify the form of the electrocardiogram. 
Changes in the T wave ean be produced by changing the rate and order of 
endocardial-epicardial laminar repolarization. 

The relation of our results to the modern concept of altered repolarization 
in an extensive conducting medium is discussed. The spatial relation of the 
exploring electrode to a theoretical surface at the junction of the normal and 
altered areas is used to account adequately for the findings. 

The practical value of these observations is discussed. 

The present results confirm and extend previous observations on the con- 
tribution of the subendocardial myocardium to the electrocardiogram. 


62. A DIRECT WRITING OSSILOGRAPH FOR RECORDING DATA 
OBTAINED BY THE METHOD OF CARDIAC 
CATHETERIZATION 
Roy W. Scorr, M.D., AND Henry A, ZIMMERMAN, M.D. (By INVITATION ) 
(CLEVELAND, OHIO 


With the cooperation of the Brush Development Company of Cleveland, 
we have adapted their direct-writing six channel Ossilograph for recording 
simultaneously such data as the eleetroecardiogram, femoral arterial pressure, 


injracardiae or pulmonary arterial pressure, the respiratory cycle, time in see- 
ods, and the Ballistoecardiogram. By using strain amplifiers, pressure transmit- 
ters, and strain gauges we have found that this system records accurately vari- 


ations in blood pressure as checked with the Hamilton manometer. Furthermore 
tle system has certain advantages such as linearity of range scale, mobility, and 
tl visualization of phenomena being recorded and it is simple to calibrate. 
Dota as recorded by the Ossilograph and derived from observations on patients 
\ ieart disease are presented in a series of lantern slides. 
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63. A COMPARATIVE EVALUATION OF EXTREMITY AND 
PRECORDIAL LEADS IN THE DIAGNOSIS OF ACUTE 
MYOCARDIAL INFARCTION 


IRWIN R. CALLEN, M.D., anp JAck W. Fiscuer, M.D., CHicaco, IL. 


(INtTRODUCED BY EpMUND F. Foury, M.D. 


There has been a great deal of controversy concerning the relative meri 
of standard leads I, I], and II] versus extremity potentials aVy, aVz, and aV, 
In addition the decision whether to use a precordial position with CF, CR, o1 
V as the indifferent electrode has not been decided. Our purpose Was to evaluat 
and compare these leads in recent acute myocardial infaretion. 

Fifty patients were studied, of whom twenty-five were shown by seria 
electroeardiographiec, clinical, and autopsy data to have had an acute myocardial 
infarction. Of these twenty-five patients, seven showed equal diagnostic findings 
in standard leads, extremity potential leads, and precordial leads. Six had 
anterior involvement and one posterior. There were five in whom the precordia! 
leads showed the most significant findings. The extremity leads I, Il, and III 
and aVp, aV;, and aVy» were not normal but showed no acute involvement as 
manifested by S-T segment elevation or T-wave inversion, In five the extremits 
potentials aVp, aVy, and aVp were more helpful in making a diagnosis than wer 
the standard leads. In these the precordial leads were very useful also. Fou 
patients with posterior infaretions showed the best changes in the extremit) 
leads, precordial leads not being of much aid. Four others with posterior in 
volvement were definitely aided hy precordial leads. 


The seeond study concerning the use of the left foot, the right arm, or t! 
central terminal as the indifferent electrode position did not reveal significant 
differences. The voltages were not the same, but for clinical purposes they so 
closely resembled one another that we felt one indifferent electrode position to 
be as useful as another. When an S-T segment was elevated or a T wav 
inverted or a deep Q wave present in CF,, for example, it was similarly altered 
in CR, and V,. 

In conelusion the extremity potentials aVp, aVy, and aVy show diagnostic 
changes more frequently than the standard leads T, Il, and Ill. No signifieant 
clinieal differences were seen between CF, CR, or Vo precordial leads in- tli 
diagnosis of aeute myocardial infarction. 


64. THE ELECTROCARDIOGRAPHIC RESPONSE TO THE 
ANOXEMIA TEST IN PATIENTS WITH 
HYPERTHYROIDISM 


IRWIN R. CALLEN, M.D. (By INVITATION), AND ROBERT W. KEETON, M.D. 
CHICAGO, ILL. 


Observations of an anoxemia test that had been performed on a patient 
taking thyroid extract revealed a positive test. The test beeame normal on 
discontinuing thyroid. This led to the study of nine patients with e¢linical 
hyperthyroidism. <All nine patients were selected carefully so that the symptoms 
were of recent duration; the basal metabolic rates on repeated tests were over 
30 per cent, the age was under 40 vears, and repeated examination revea d 
no evidence of cardiac disease. 

It was then presumed that we were dealing with individuals whose hearts 
were normal except for any influence the hyperthyroidism might have had. 
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In all nine patients positive tests were observed. The S-T segments became 
depressed below 1 mm. and T-wave inversion especially in Leads I, 1], CF, and 
V were seen. As the hyperthyroidism was controlled. by medical management, 
propylthiouracil or surgery, the response to the anoxemia test was not as 
dramatic. Further studies are in progress at this time. 

This test with the produetion of anoxemia has shown objectively the 
damaging effect of the hyperthyroidism. By implication one might anticipate 
that patients with normal thyroid glands taking thyroid extract for purposes 
of reduetion would show similar changes. 


65. ELECTROCARDIOGRAPHIC CHANGES FOLLOWING MEALS 
IN PATIENTS WITH ANGINA PECTORIS 
BERNARD BERMAN, M.D... CINCINNATI, OHIO 
(INTRODUCED BY JOHNSON McGuIRE, M.D.) 


Standard mixed meals, consisting of 90 grams carbohydrate, 40 grams 
protein, and 40 grams fat were given to thirty-two patients with angina pectoris. 
Klectroeardiograms were taken on all patients before meals and thirty minutes 
following the meal. In some cases electrocardiograms were also taken sixty 
minutes and ninety minutes following meals. Warm food and warm liquids 
were used in each meal. In approximately 25 per cent of the patients there 
occurred a 15 to 34 mm. depression of the S-T segment and development of, or 
increase in, existing coneavity of the S-T segment. In patients showing this 
S-T change following meals, repeat electrocardiograms showed these findings to 
be consistent. Fourteen normal controls in the same age group exhibited no 
similar change, 

The effeet of meals on the eleetrocardiogram in these normal controls was 
similar to that reported by Simonson, Alexander, Henschel, and Keys in normal 
individuals. These changes consisted of the following: a significant increase 
in heart rate, decrease in Q-T interval, decrease in amplitude of the T wave, 
increase in QRS amplitude, and shift of the electrical axis toward the left. The 
patients with angina pectoris exhibited these changes also. 

The electrocardiogram changes induced by the ingestion of food in the 
anvinal patient suggests the possibility of employing this or similar methods 

additional aid in detecting coronary insufficiency. 


66. CIRCULATION TIMES FOR ANGIOCARDIOGRAPHY 


GEORGE C, Surron, M.D., Grorce E. WENDEL, M.D., HARRY E. GRANT, M.D., AND 
Kkpwarp G. Warnick, M.D., Cuicaco, Int. 


(INTRODUCED By Don C. Sutrron, M.D.) 


"he diagnostie justification for the performanee of angiocardiography 
ently depends upon obtaining a satisfactory levoangiocardiogram, This 

een difficult to do when using the method of Robb and Steinberg because 

0 ficulty in determining in advance when the contrast media will fill the 
eart and aorta. Previous methods of determining circulation times prior 
locardiography have not been totally satisfactory. Experiments in eireu- 

time conducted by our group confirmed the work of others who had 

n that increasing the volume injected decreased the circulation time. In a 





1502 CENTRAL SOCIETY FOR CLINICAL RESEARCH 


group of twenty adults, none of whom had valvular cardiac lesions, increasine 
the volume of saline diluent from 5 to 50 ml. decreased the ether arm to pul 
monary capillary circulation time by a mean of 1.8 seconds. A similar inereas: 
in volume decreased the sodium evanide arm to carotid sinus circulation tiny 
by a mean of 6.3 seconds. The increased volume of material rapidly injected 
into the arm vein accelerated the circulation time to the right heart and 
through the lunes and left heart as well. Angiocardiograms timed on the basis 
of circulation times determined by the use of quantities of material equal to the 
contrast media used (50 ml. in this series), and injected in a manner identical 
to the media, produced satisfactory levoangiocardiograms. 


67. A COMPARATIVE STUDY OF PERIPHERAL AND DIRECT 
INTRACARDIAC ANGIOCARDIOGRAPHY 


(ZEORGE C. Sutton, M.D., GEORGE KE. WENDEL, M.D., AND 
HIarry EK. Grant, M.D., Cuicaco, Inn. 


(INTRODUCED BY Don C. Surrox, M.D.) 


Two methods are available for the performance of angiocardiography. 
The first method, utilizing the injection of the contrast media into a peripheral 
arm vein, fails to provide satisfactory visualization in a number of patients. 
This occurs most frequently in adults who possess thick, muscular thoracic 
walls or dense mediastinal or lung lesions which lessen the contrast of the dye- 
filled structures. Direct intracardiac injection of the contrast media by means 
of a eatheter introduced into the jugular vein in the neck and advanced to the 


right auricle is the second method. A comparative study of these two pro- 
cedures has been made by the group working in Preble Laboratory. 


68. THE APPEARANCE OF NORMOBLASTS IN THE 
PERIPHERAL BLOOD IN PATIENTS WITH 
PULMONARY EMBOLISM 


M. C. F. LInpert, M.D., ANp Howarp L. Correui, M.D., MILWAUKEE, WIS. 
(INTRODUCED BY MAuRICE HarpoGroyve, M.D.) 


Greater attention is being directed toward the study of the peripheral 
blood in cardiae failure and associated conditions. The quantitative changes, 
including the cellular elements, have been observed and reported. References 
to the qualitative changes of the cellular elements are extremely infrequent. 
During the past two years we have carefully studied the peripheral blood of 
all cases of pulmonary embolism that have come to our attention. We are 
reporting six cases of pulmonary embolism or thrombosis, with resultant right 
heart failure and the appearance of normoblasts in the peripheral blood stream. 
Other less noteworthy qualitative changes were observed, such as the findings of 
reticulocytes and polychromasia. All cases were autopsied, three of which 
showed extramedullary hematopoiesis. The explanation for the outpouring of 
normoblasts is not known. Acute severe anoxia would seem to be the most 
plausible etiologic factor. However, the anoxia produced by sudden altitude 
changes has not been reported to release normoblasts to the peripheral blood. 
In view of this, it is felt that other factors must play a role. Some of ‘he 
additional factors postulated include tissue destruction and hemolysis. 


(To be concluded in the December issue.) 





